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DESCRIPTION 



INTER-CYLINDER VARIATION DETECTION DEVIC£^AN.D-J-.N^ER^BANJL ^ 
VARIATION DETECTION DEVICE OF INTERNAL COMBUSTION ENGINE 



TECHNICAL FIELD 

The present invention relates to an inter-cylinder 
variation detection device and an inter-bank variation 
detection device of an internal combustion engine for 

10 detecting variation of valve opening characteristics, for 

example, the operating angle and/or amount of lift, and 
the variation of fuel injection amount among cylinders of 
an internal combustion engine, particularly an internal 
combustion engine provided with a valve opening 

15 characteristic setting means for changing the amounts of 

air flowing into the cylinders. 
BACKGROUND ART 

In recent years, progress has been made in 
development of a valve opening characteristic control 

20 device making the valve opening characteristics, 

including the operating angle and/or amount of lift, of 
intake valves provided in a plurality of cylinders 
variable so as to control the amount of intake of an 
internal combustion engine. For example, the internal 

25 combustion engine disclosed in Japanese Unexamined Patent 

Publication (Kokai) No. 2002-155779 sets the operating 
angle and/or amount of lift relatively small so as to 
reduce pump loss from that of a conventional internal 
combustion engine and, at the same time, improve the 

30 mileage. 

Both in the above-mentioned internal combustion 
engine provided with a valve opening characteristic 
control device for changing the valve opening 
characteristics and in an internal combustion engine of 

35 the prior art, sometimes the operating angle and/or 

amount of lift among cylinders deviates due to poor 
tuning or sometimes different amounts of deposits stick 
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to the valves of the cylinders etc. Here, if setting the 
operating angle and/or amount of lift relatively small by 
a valve opening characteristic control device in an 
internal combustion engine provided with a valve opening 
5 characteristic control device, the amount of change to 

the intake air amount due to the poor tuning etc. becomes 
too great to ignored and consequently sometimes exerts an 
adverse influence upon the drivability and emission. 
Accordingly, it is necessary to correctly detect the 
10 variation of the valve opening characteristics, including 

the operating angle and/or amount of lift, among 
cylinders . 

On the other hand, deviation of indicators of the 
state of combustion among cylinders also includes 

15 variation of the fuel injection amount. For this reason, 

if not considering the inter-cylinder variation of the 
fuel injection amount, the variation of the valve opening 
characteristics, including the operating angle and/or 
amount of lift, cannot be correctly detected. 

20 Accordingly, if variation of the fuel injection amount 

arises among cylinders, it is necessary to detect the 
variation of the valve opening characteristics after 
correctly detecting this variation of the fuel injection 
amount . 

25 The present invention was made in consideration with 

such a circumstance and has as an object thereof to 
provide an inter-cylinder variation detection device and 
an inter-bank variation detection device of an internal 
combustion engine able to detect the occurrence of 

30 variation of the valve opening characteristics and the 

variation of the fuel injection amount among cylinders. 
DISCLOSURE OF THE INVENTION 

To attain the above object, according to a first 
aspect of the invention, there is provided an inter- 
35 cylinder variation detection device of an internal 

combustion engine provided with a valve opening 
characteristic setting means for changing an operating 
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angle and/or amount of lift of an intake valve, wherein 
the valve opening characteristic setting means can set a 
first valve opening characteristic and a second valve 
opening characteristic having a smaller operating angle 
5 or amount of lift than that at the time of the first 

valve opening characteristic, and further provided with a 
calculating means for detecting an indicator of the state 
of combustion in each cylinder at the time of the first 
valve opening characteristic and the time of the second 

10 valve opening characteristic set by said valve opening 

characteristic setting means and, at the same time, 
calculating the deviation between these indicators and a 
standard value for each cylinder and a detecting means 
for detecting the variation among cylinders by using the 

15 deviation for each cylinder at the time of the first 

valve opening characteristic and the deviation for each 
cylinder at the time of the, second valve opening 
characteristic calculated by said calculating means. 
Namely, according to the first aspect of the 

20 invention, when detecting the variation of the valve 

opening characteristic, not only the deviation with 
respect to a standard value calculated at the time of the 
second valve opening characteristic, but also the 
deviation with respect to the standard value at the time 

25 of the first valve opening characteristic is calculated. 

In this way, it becomes possible to correctly detect the 
variation among cylinders by calculating the deviation of 
each cylinder from indicators of the state of combustion 
at two different valve opening characteristics and 

30 correcting it by using these deviations. 

According to a second aspect of the invention, there 
is provided an inter-cylinder variation detection device 
of an internal combustion engine provided with a valve 
opening characteristic setting means for changing an 

35 operating angle or amount of lift of an intake valve, 

wherein the valve opening characteristic setting means 
can set a first valve opening characteristic and a second 



- 4 - 



valve opening characteristic having a smaller operating 
angle or amount of lift than that at the time of the 
first valve opening characteristic, and further provided 
with a calculating means for detecting an indicator of 
5 the state of combustion in each cylinder at the time of 

the first valve opening characteristic and the time of 
the second valve opening characteristic set by said valve 
opening characteristic setting means and, at the same 
time, calculating the deviation between these indicators 

10 and an average value of the indicators of the state of 

combustion for the cylinders and a detecting means for 
detecting the variation among cylinders by using the 
deviation for each cylinder at the time of the first 
valve opening characteristic and the deviation for each 

15 cylinder at the time of the second valve opening 

characteristic calculated by said calculating means. 

Namely, according to the second aspect of the 
invention, when detecting the variation of the valve 
opening characteristic, not only the deviation with 

20 respect to the average value among cylinders calculated 

at the time of the second valve opening characteristic, 
but also the deviation with respect to the average value 
among cylinders at the time of the first valve opening 
characteristic is calculated. In this way, by calculating 

25 the deviation of each cylinder from indicators of the 

state of combustion in two different valve opening 
characteristics and correcting the variation by using 
these deviations, it becomes possible to correctly detect 
the variation among cylinders. 

30 According to a third aspect of the invention, there 

is provided the first or second aspect of the invention 
wherein the variation of the fuel injection amount is 
detected by the deviation for each cylinder at the time 
of the first valve opening characteristic set by said 

35 valve opening characteristic setting means, and the 

variation of the valve opening characteristic is detected 
by the deviation for each cylinder at the time of said 
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second valve opening characteristic. 

Namely, according to the third aspect of the 
invention, not only the variation of the valve opening 
characteristic, but also occurrence of variation of the 
5 injection amount can be detected. 

According to a fourth aspect of the invention, there 
is provided the third aspect of the invention wherein 
when detecting the variation of the valve opening 
characteristic by the deviation for each cylinder at the 

10 time of the second valve opening characteristic set by 

said valve opening characteristic setting means, the 
amount of variation of the fuel injection amount for each 
cylinder detected at the time of the first valve opening 
characteristic is corrected. 

15 Namely, according to the fourth aspect of the 

invention, it becomes possible to correctly detect the 
variation of the valve opening characteristic after 
removal of the variation of the fuel injection amount. 

According to a fifth aspect of the invention, there 

20 is provided any of the first to fourth aspects of the 

invention wherein where detecting the variation among 
cylinders by said detection device, control is performed 
so that the drive conditions at times of the first and 
second valve opening characteristics set by said valve 

25 opening characteristic setting means become the same. 

Namely, in the fifth aspect of the invention, the 
indicators of the state of combustion are made 
substantially the same so as to enable variation to be 
corrected and detected more accurately by making the 

30 drive conditions the same. Due to this, actions and 

effects substantially the same as those of the first to 
fourth aspects of the invention can be obtained. 

According to a sixth aspect of the invention, there 
is provided the fifth aspect of the invention wherein 

35 said drive conditions are the rotational speed and 

torque . 

Namely, according to the sixth aspect of the 
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invention, actions and effects substantially the same as 
those of the first to fifth aspects of the invention can 
be obtained. 

According to a seventh aspect of the invention, 
5 there is provided the fifth or sixth aspect of the 

invention wherein said detection device detects the 
variation among cylinders in an idling state of the 
internal combustion engine. 

Namely, according to the seventh aspect of the 
10 invention, for the frequency of detection and quality of 

the detection (fluctuation in rotation detected well) , 
more desirably the variation is detected in the idling 
state. Due to this, actions and effects substantially the 
same as those of the first to sixth aspects of the 
15 invention can be obtained. 

According to an eighth aspect of the invention, 
there is provided the first or second aspect of the 
invention wherein said indicator of the state of 
combustion includes at least one of an air/fuel ratio, 
20 rotation fluctuation, and combustion pressure of the 

internal combustion engine. 

Namely, according to the eighth aspect of the 
invention, existence of variation of the valve opening 
characteristic and variation of the fuel injection amount 
25 can be correctly detected by a relatively simple 

configuration . 

According to a ninth aspect of the invention, there 
is provided the first or second aspect of the invention 
wherein the valve opening characteristic of said intake 
30 valve is changed so that the variation among cylinders 

detected by said detecting means is eliminated. 

Namely, according to the ninth aspect of the 
invention, the valve opening characteristic is changed by 
exactly the amount of the variation of the valve opening 
35 characteristic among cylinders detected so as not to 

include the variation of the fuel injection amount, 
therefore more precise control becomes possible and it 
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becomes possible to avoid the adverse influence upon the 
drivability and the emission by that. 

According to a 10th aspect of the invention, there 
is provided an inter-cylinder variation detection device 
5 of an internal combustion engine provided with: a valve 

opening characteristic setting means for changing a valve 
opening characteristic of an intake valve; an indicator 
detecting means for detecting indicators of the state of 
combustion for each cylinder at the time of a first valve 

10 opening characteristic and at the time of a second valve 

opening characteristic smaller than the first valve 
opening characteristic set by the valve opening 
characteristic setting means; a fuel injection amount 
variation detecting means for detecting the variation of 

15 the fuel injection amount for each of the cylinders by 

using said indicator of the state of combustion detected 
by said indicator detecting means at the time of said 
first valve opening characteristic; and a valve opening 
characteristic variation detecting means for detecting 

20 variation of the valve opening characteristic for each of 

said cylinders by using said indicator of the state of* 
combustion detected by said indicator detecting means at 
the time of said second valve opening characteristic and 
the variation of the fuel injection amount detected by 

25 said fuel injection amount variation detecting means. 

Namely, according to the 10th aspect of the 
invention, the variation of the fuel injection amount for 
each cylinder is detected from the indicator of the state 
of combustion at the time of the first valve opening 

30 characteristic, and the variation of the fuel injection 

amount is not included from the indicator of the state of 
combustion at the time of the second valve opening 
characteristic, so it becomes possible to correctly 
detect the variation of the valve opening characteristic 

35 for each cylinder. 

According to an 11th aspect of the invention, there 
is provided the 10th aspect of the invention wherein said 



- 8 - 



valve opening characteristic setting means can change the 
valve opening characteristic of the intake valve for each 
cylinder, and the variation of the valve opening 
characteristic for each of said cylinders detected by 
5 said valve opening characteristic variation detecting 

means is eliminated by the valve opening characteristic 
of said intake valve for each of said cylinders being 
changed by said valve opening characteristic setting 
means . 

10 Namely, according to the 11th aspect of the 

invention, the valve opening characteristic is changed by 
exactly the amount of the variation of the valve opening 
characteristic among cylinders detected so as not to 
include the variation of the fuel injection amount, 

15 therefore more precise control becomes possible, and it 

becomes possible to avoid an adverse influence upon the 
drivability and the emission by that. 

According to a 12th aspect of the invention, there 
is provided the 10th or 11th aspect of the invention 

20 wherein said indicator of the state of combustion 

includes at least one of the air/fuel ratio, the rotation 
fluctuation, and the combustion pressure of the internal 
combustion engine. 

Namely, according to the 12th aspect of the 

25 invention, the existence of variation of the valve 

opening characteristic and variation of the fuel 
injection amount can be correctly detected by a 
relatively simple configuration. 

According to a 13th aspect of the invention, there 

30 is provided an inter-bank variation detection device of 

an internal combustion engine provided with: a valve 
opening characteristic setting means for changing a valve 
opening characteristic of an intake valve for each bank; 
an indicator detecting means for detecting indicators of 

35 the state of combustion for each cylinder at the time of 

a first valve opening characteristic and at the time of a 
second valve opening characteristic smaller than the 
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first valve opening characteristic set by the valve 
opening characteristic setting means; a fuel injection 
amount variation detecting means for detecting the 
variation of the fuel injection amount for each of said 
5 cylinders by using said indicator of the state of 

combustion detected by said indicator detecting means at 
the time of said first valve opening characteristic; and 
a valve opening characteristic variation detecting means 
for detecting the variation of the valve opening 

10 characteristic for each of said cylinders by using said 

indicator of the state of combustion detected by said 
indicator detecting means at the time of said second 
valve opening characteristic and the variation of the 
fuel injection amount detected by said fuel injection 

15 amount variation detecting means and finding the average 

of the variations of the valve opening characteristics 
for the cylinders for each bank to thereby detect the 
variation of the valve opening characteristic for each 
bank. 

20 Namely, according to the 13th aspect of the 

invention, the variation of the fuel injection amount for 
each cylinder is detected from the indicator of the state 
of combustion at the time of the first valve opening 
characteristic, and the variation of the valve opening 

25 characteristic for each cylinder is detected from the 

indicator of the state of combustion at the time of the 
second valve opening characteristic so as not to include 
the variation of the fuel injection amount, therefore, by 
finding the average of the variations of the valve 

30 opening characteristics for the cylinders for each bank, 

it becomes possible to correctly detect the variation of 
the valve opening characteristic among banks . 

According to a 14th aspect of the invention, there 
is provided an inter-bank variation detection device of 

35 an internal combustion engine provided with: a valve 

opening characteristic setting means for changing a valve 
opening characteristic of an intake valve for each bank; 
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an indicator detecting means for detecting indicators of 
the state of combustion for each bank at the time of a 
first valve opening characteristic and at the time of a 
second valve opening characteristic smaller than the 
5 first valve opening characteristic set by the valve 

opening characteristic setting means; a fuel injection 
amount variation detecting means for detecting the 
variation of the fuel injection amount for each bank by 
using said indicator of the state of combustion detected 

10 by said indicator detecting means at the time of said 

first valve opening characteristic; and a valve opening 
characteristic variation detecting means for detecting 
the variation of the valve opening characteristic for 
each bank by using said indicator of the state of 

15 combustion detected by said indicator detecting means at 

the time of said second valve opening characteristic and 
the variation of the fuel injection amount detected by 
said fuel injection amount variation detecting means. 
Namely, according to the 14th aspect of the 

20 invention, the variation of the fuel injection amount for 

each bank is detected from the indicator of the state of 
combustion at the time of the first valve opening 
characteristic, and the variation of the valve opening 
characteristic for each bank is detected from the 

25 indicator of the state of combustion at the time of the 

second valve opening characteristic so as not to include 
the variation of the fuel injection amount, therefore, it 
becomes possible to correctly detect the variation of the 
valve opening characteristic for each bank. 

30 According to a 15th aspect of the invention, there 

is provided the 13th or 14th aspect of the invention 
wherein the valve opening characteristic of said intake 
valve for each bank is changed by said valve opening 
characteristic setting means so that the variation of the 

35 valve opening characteristic of each bank detected by 

said valve opening characteristic variation detecting 
means is eliminated. 
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Namely, according to the 15th aspect of the 
invention, the valve opening characteristic is changed by 
exactly the amount of the variation of the valve opening 
characteristic among banks detected so as not to include 
5 the variation of the fuel injection amount, therefore 

more precise control becomes possible, and it becomes 
possible to avoid the adverse influence upon the 
drivability and the emission by that. 

According to a 16th aspect of the invention, there 

10 is provided the 13th or 14th aspect of the invention 

wherein said indicator of the state of combustion 
includes at least one of the air/fuel ratio, the rotation 
fluctuation, and the combustion pressure of the internal 
combustion engine. 

15 Namely, according to the 16th aspect of the 

invention, existence of variation of the valve opening 
characteristic and variation of the fuel injection amount 
can be correctly detected by a relatively simple 
configuration . 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view of a spark ignition type 
internal combustion engine having a valve opening 
characteristic control device of the present invention 
mounted thereon. 

25 FIG. 2 is a schematic view of the configuration 

including an intake system etc. of the internal 
combustion engine shown in FIG. 1. 

FIG. 3 is a perspective view of an intermediate 
drive mechanism. 

30 FIG. 4 is an explanatory view of the schematic 

configuration of a valve opening characteristic control 
device . 

FIG. 5 is a view of a flowchart of a program for 
operating an inter-cylinder variation detection device in 
35 the present invention. 

FIG. 6a is a view for explaining an example of an 
indicator of the state of combustion in the present 
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invention and shows a crank angle speed. 

FIG. 6b is a view for explaining an example of an 
indicator of the state of combustion in the present 
invention and shows the time required for rotation by a 
5 crank angle of 90°. 

FIG. 7a is a view for explaining an example of an 
indicator of the state of combustion in the present 
invention and shows an exhaust air/fuel ratio. 

FIG. 7b is a view for explaining an example of an 
10 indicator of the state of combustion in the present 

invention and shows 
pressure in the cylinder. 

FIG. 8a is a view of a map of a predetermined value 

CI. 

15 FIG. 8b is a view of a map of a predetermined value 

C2. 

FIG. 9a is a view of an indicator Xfn at the time of 
a first valve opening characteristic. 

FIG. 9b is a view of an indicator Xsn at the time of 
20 a second valve opening characteristic. 

FIG. 10a is a view of an indicator Xfn at the time 
of the first valve opening characteristic in another 
case . 

FIG. 10b is a view of an indicator Xsn at the time 
25 of the second valve opening characteristic in another 

case . 

FIG. 11 is a flowchart for explaining three further 
patterns when it is judged as YES at step 102 of FIG. 5. 

FIG. 12a is a view of an indicator Xfn when the 
30 routine proceeds to step 203 of FIG. 11. 

FIG. 12b is a view of an indicator Xsn when the 
routine proceeds to step 203 of FIG. 11. 

FIG. 12c is a view of a new indicator Xsn' when the 
routine proceeds to step 203 of FIG. 11. 
35 FIG. 13a is a view of an indicator Xfn when the 

routine proceeds to step 204 of FIG. 11. 

FIG. 13b is a view of an indicator Xsn when the 
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routine proceeds to step 204 of FIG. 11. 

FIG. 13c is a view of a new indicator Xsn 1 when the 
routine proceeds to step 204 of FIG. 11. 

FIG. 14a is a view of an indicator Xfn in a certain 
5 case when the routine can proceed to step 205 of FIG. 11. 

FIG. 14b is a view of an indicator Xsn in a certain 
case when the routine can proceed to step 205 of FIG. 11. 

FIG. 14c is a view of an indicator Xsn 1 in a certain 
case when the routine can proceed to step 205 of FIG. 11. 
10 FIG. 15 is a lateral sectional view of an other 

spark-ignition type internal combustion engine having a 
valve opening characteristic control device of the 
present invention mounted thereon. 

FIG. 16 is a vertical sectional view seen from the 
15 front surface of the internal combustion engine shown in 

FIG. 15. 

FIG. 17 is a view of a flowchart of a program for 
the operation of the variation detection device among 
banks of the internal combustion engine shown in FIG. 15 
20 and FIG. 16. 

FIG. 18a is a view for explaining the situation of 
finding a deviation AXsL and a deviation AXsR. 

FIG. 18b is another view for explaining the 
situation of finding the deviation AXsL and the deviation 
25 AXsR. 

FIG. 19 is a view of another flowchart of a program 
for the operation of the variation detection device among 
banks of the internal combustion engine shown in FIG. 15 
and FIG. 16. 

30 FIG. 20 is a view of still another flowchart of a 

program for the operation of the variation detection 
device among banks of the internal combustion engine 
shown in FIG. 15 and FIG. 16. 

FIG. 21 is a view of a flowchart of a program for 

35 the operation performed for eliminating the variation 

among banks in the case of the internal combustion engine 
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shown in FIG. 15 and FIG. 16. 

FIG. 22 is a view of a flowchart of a program for 
the operation performed for eliminating the inter- 
cylinder variation in the case of a four-cylinder 
5 internal combustion engine where a valve opening 

characteristic control device is provided for each 
cylinder. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Below, an explanation will be given of embodiments 

10 of the present invention by referring to the attached 

drawings. In the following drawings, the same notations 
are attached to the same members. For facilitating 
understanding, these drawings are appropriately changed 
in scale of reduction. 

15 FIG. 1 is a sectional view of a spark-ignition type 

internal combustion engine having an inter-cylinder 
variation detection device of the present invention 
mounted thereon, and FIG. 2 is a schematic view of the 
configuration including an intake system etc. of the 

20 internal combustion engine shown in FIG. 1. Note that the 

inter-cylinder variation detection device of the present 
invention can also be mounted on an in-cylinder injection 
type spark-ignition type internal combustion engine and a 
compression self ignition type diesel internal combustion 

25 engine. 

Referring to FIG. 1 and FIG. 2, an engine body 1 is 
provided with a cylinder block 2, a piston 3 reciprocally 
moving in this cylinder block 2, and a cylinder head 4 
attached onto the cylinder block 2. Further, the cylinder 

30 head 4 is provided with a spark plug 55. In the cylinder 

block 2, as will be mentioned later, four cylinders 5 are 
formed. In each cylinder 5, a combustion chamber 6 
defined by the cylinder block 2, the piston 3, and the 
cylinder head 4 is formed. 

35 Each combustion chamber 6 is communicated to an 

intake port 7 and an exhaust port 8 formed in the 
cylinder head 4. An intake valve 9 is arranged between 
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the combustion chamber 6 and the intake port 7. The 
intake valve 9 opens or closes a flow passageway between 
the combustion chamber 6 and the intake port 7. On the 
other hand, an exhaust valve 10 is arranged between the 
5 combustion chamber 6 and the exhaust port 8. The exhaust 

valve 10 opens or closes the flow passageway between the 
combustion chamber 6 and the exhaust port 8. The intake 
valve 9 is lifted by an intake cam 13 via an intermediate 
drive mechanism 11 and a rocker arm 12 mentioned later, 

10 and the exhaust valve 10 is lifted by an exhaust cam 15 

via a rocker arm 14. The intake cam 13 is attached to an 
intake cam shaft 16, while the exhaust cam 15 is attached 
to an exhaust cam shaft 17. 

An electronic control unit (ECU) 27 is configured by 

15 a microcomputer having a known configuration comprised of 

a read only memory (ROM) , a random access memory (RAM) , a 
microprocessor (CPU), input ports, and output ports 
connected to each other by a bi-directional bus. The ECU 
27 has connected to it an air flow meter 19 and also 

20 various types of sensors such as a load sensor 29 for 

generating an output voltage proportional to an amount of 
depression of an accelerator pedal (hereinafter referred 
to as an "accelerator depression amount") and a crank 
angle sensor 30 for generating an output pulse whenever 

25 the crank shaft rotates by for example 30°. Further, it is 

connected to the spark plug 55 and a fuel injection valve 
(not illustrated) and a throttle valve 56 etc. and 
controls their operations. In the present embodiment, the 
opening degree of the throttle valve 56 can be changed 

30 regardless of the accelerator depression amount. By 

adjusting the opening degree of the throttle valve, the 
intake air pressure is controlled. Further, the ECU 27 
also transfers signals with a valve opening 
characteristic control device 57 configured by including 

35 the intermediate drive mechanism 11 as will be mentioned 

later and controls the valve opening characteristic 
control device 57 and also controls the operating angle 
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and the amount of lift as the valve opening 
characteristics of the intake valve 9. Note that, in FIG. 
2, 52 indicates an intake pipe, and 53 indicates a surge 
tank. 

5 As shown in FIG. 2, the internal combustion engine 1 

in the present embodiment has four cylinders. As exhaust 
passageways thereof, first an exhaust passageway 41 from 
the first cylinder (#1) and an exhaust passageway 44 from 
the fourth cylinder (#4) and an exhaust passageway 42 

10 from the second cylinder (#2) and an exhaust passageway 

43 from the third cylinder (#3) are combined to form two 
exhaust passageways 45 and 46, then these are combined to 
form one exhaust passageway 47. Then, at the portion 
where the exhaust passageway 41 from the first cylinder 

15 and the exhaust passageway 44 from the fourth cylinder 

are combined, that is, at one exhaust passageway 45 of 
the two exhaust passageways 45 and 46, a first air/fuel 
ratio sensor 58a is provided. In the same way as above, 
at the portion where the exhaust passageway 42 from the 

20 second cylinder and the exhaust passageway 43 from the 

third cylinder are combined, that is, at one exhaust 
passageway 46 of the two exhaust passageways 45 and 46, a 
second air/fuel ratio sensor 58b is provided. These 
air/fuel ratio sensors 58a and 58b are connected to the 

25 ECU 27, whereby the information of the detected air/fuel 

ratios is supplied to the ECU 27. Further, the portion 47 
at which the exhaust passageways are combined is provided 
with an exhaust purification device 59. 

Next, referring to FIG. 3 and FIG. 4, an explanation 

30 will be given of the intermediate drive mechanism 11 and 

the valve opening characteristic control device 57 
configured including that. FIG. 3 is a perspective view 
of the intermediate drive mechanism 11, and FIG. 4 is an 
explanatory view of the schematic configuration of the 

35 valve opening characteristic control device 57. Here, the 

intermediate drive mechanism 11 has the same 
configuration as the intermediate drive mechanism 
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disclosed in Japanese Unexamined Patent Publication 
(Kokai) No. 2001-263015 and is already known as a so- 
called "rocking cam mechanism", so will be just simply 
explained below. The intermediate drive mechanism 11 
5 shown in FIG. 3 is provided for each cylinder of the 

internal combustion engine. Accordingly, in the present 
embodiment, which is the case of a four-cylinder internal 
combustion engine, four intermediate drive mechanisms 11 
are provided. 

10 The intermediate drive mechanism 11 is provided with 

a cylindrical input portion 21, a cylindrical first 
rocking cam 22 arranged at one side of the input portion 
21 in an axial direction of this input portion 21, and a 
cylindrical second rocking cam 23 arranged at the 

15 opposite side to the above one side of the input portion 

21 in the axial direction of the input portion 21. The 
input portion 21 and the rocking cams 22 and 23 have 
cylindrical through holes extending in the axial 
direction centered about the axial lines thereof. A 

20 support pipe 24 passes through these through holes. The 

input portion 21 and the rocking cams 22 and 23 are 
supported by the support pipe 24 and can pivot about the 
support pipe 24. The support pipe 24 is fixed to a 
cylinder head 4. Further, the support pipe 24 has a 

25 cylindrical through hole extending in the axial direction 

centered about the axial line thereof. A control shaft 25 
passes through this through hole. The control shaft 25 
can slide in the axial direction of the support pipe 24 
in the through hole of the support pipe 24. 

30 Arms 21a and 21b are extended from the outer 

circumferential surface of the input portion 21 toward 
the diameter direction of the input portion 21. A roller 
21c is arranged between front ends of these arms 21a and 
21b. The roller 21c abuts against a cam surface 13a of 

35 the intake cam 13 as shown in FIG. 1, so that the input 

portion 21 pivots around the support pipe 24 in 
accordance with the shape of the cam surface 13a. On the 
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other hand, from the outer circumferential surfaces of 
the rocking cams 22 and 23, noses 22a and 23a extend 
toward the diameter direction of the rocking cams 22 and 
23. These noses 22a and 23a can abut against the rocker 
arm 12. 

Further, the input portion 21 and the rocking cams 

22 and 23 and the control shaft 25 are connected by a 
constant control mechanism (not illustrated) . This 
control mechanism is configured so as to pivot the input 
portion 21 and the rocking cams 22 and 23 in opposite 
directions to each other when the control shaft 25 is 
relatively moved with respect to the support pipe 24. 
Especially, in the present embodiment, when the control 
shaft 25 is moved in a direction Di with respect to the 
support pipe 24, the input portion 21 and the rocking 
cams 22 and 23 pivot so that the relative angles between 
the roller 21c of the input portion 21 and the noses 22a 
and 23a of the rocking cams 22 and 23 become large, while 
when the control shaft 25 is moved in a direction D 2 
opposite to the direction Di with respect to the support 
pipe 24, the input portion 21 and the rocking cams 22 and 

23 pivot so that relative angles between the roller 21c 
of the input portion 21 and the noses 22a and 23a of the 
rocking cams 22 and 23 become small. When the relative 
angles between the roller 21c and the noses 22a and 23a 
become large, the distances between the roller 21c and 
the noses 22a and 23a become long, while conversely when 
the relative angles between the roller 21c and the noses 
22a and 23a become small, the distances between the 
roller 21c and the noses 22a and 23a become short. 

On the other hand, as seen from FIG. 1, the amount 
of the lift of the intake valve 9 by the intake cam 13 
changes according to the distances between the roller 21c 
and the noses 22a and 23a. Namely, if the distances 
between the roller 21c and the noses 22a and 23a become 
long, when the roller 21c abuts against a peak 13b of the 
intake cam 13, the period where the noses 22a and 23a 
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lift the intake valve 9 becomes long and, at the same 
time, the amount of lift becomes large. Conversely, if 
the distances between the roller 21c and the noses 22a 
and 23a become short, when the roller 21c abuts against 
the peak 13b of the intake cam 13, the period where the 
noses 22a and 23a lift the intake valve 9 becomes short 
and, at the same time, the amount of lift becomes small. 
Namely, when the distances between the roller 21c and the 
noses 22a and 23a become long, the operating angle of the 
intake valve 9 becomes large and, at the same time, the 
amount of lift of the intake valve 9 becomes large, while 
when the distances between the roller 21c and the noses 
22a and 23a become short, the operating angle of the 
intake valve 9 becomes small and, at the same time, the 
amount of lift of the intake valve 9 becomes small. 

Accordingly, in the intermediate drive mechanism 11, 
when the control shaft 25 is moved in the first direction 
Di, the operating angle of the intake valve 9 becomes 
large and, at the same time, the amount of lift of the 
intake valve 9 becomes large, while when the control 
shaft 25 is moved in the second direction D 2 , the 
operating angle of the intake valve 9 becomes small and, 
at the same time, the amount of lift of the intake valve 
9 becomes small. Note that, in the present embodiment, 
the operating angle and the amount of lift used as the 
valve opening characteristics have constant relationships 
in this way, but in other embodiments, it is also 
possible even if only the operating angle or only the 
amount of lift is changed as the valve opening 
characteristic . 

As mentioned above, the present embodiment relates 
to the case of a four-cylinder internal combustion 
engine, so has four of the intermediate drive mechanisms 
11. The four intermediate drive mechanisms 11 are 
arranged in series as shown in FIG. 4. All of the 
intermediate drive mechanisms 11 are provided on one 
support pipe 24 and one control shaft 25. Accordingly, 
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when the valve opening characteristic control device 57 
normally operates, the same valve opening characteristics 
can be obtained in all cylinders. 

As shown in FIG. 4, an electric actuator 26 is 
5 connected to one end portion of the control shaft 25. The 

position of the control shaft 25 can be controlled by 
this actuator 26. This electric actuator 26 is connected 
to the ECU 27 and controlled by this. That is, in the 
present embodiment, the electric actuator 26 can be 

10 controlled by the ECU 27 so as to move the position of 

the control shaft 25 in the axial direction thereof. The 
distances between the roller 21c and the noses 22a and 
23a are changed by this, thus the operating angle and 
amount of lift used as the valve opening characteristics 

15 of the intake valve 9 can be continuously controlled. 

In the vicinity of the other end portion of the 
control shaft 25, a position sensor 28 for detecting the 
position of the control shaft 25 in the axial direction 
is arranged. The position of the control shaft 25 can be 

20 detected by this position sensor 28. This position sensor 

28 is connected to the ECU 27, whereby the information of 
the position of the control shaft 25 detected by the 
position sensor 28 is supplied to the ECU 27. Note that, 
as mentioned above, in the present embodiment, the 

25 distances between the roller 21c and the noses 22a and 

23a are changed by controlling the position of the 
control shaft 25, and the operating angle and the amount 
of lift used as the valve opening characteristics of the 
intake valve 9 are controlled by this, therefore it can 

30 be said that the position sensor 28 is a valve opening 

characteristic sensor detecting the valve opening 
characteristic . 

In the internal combustion engine of the present 
embodiment, in the configuration described above, various 

35 types of control such as fuel injection amount control, 

ignition timing control, and intake amount control are 
executed by the ECU 27 based on signals from various 
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sensors. Especially, the intake amount control is carried 
out by the ECU 27 controlling both of the valve opening 
characteristic control device 57 and the throttle valve 
56 in more detail. Namely, in the present embodiment, the 
5 operating angle and the amount of lift used as the valve 

opening characteristics of the intake valve 9 can be 
continuously controlled by the valve opening 
characteristic control device 57, and the intake pressure 
can be controlled by the throttle valve 56, therefore 

10 usually the intake amount is controlled by jointly 

controlling the valve opening characteristics (amount of 
lift and operating angle) and the intake pressure. 

FIG. 5 is a view of a flowchart of a program for the 
operation of the inter-cylinder variation detection 

15 device of the internal combustion engine in the present 

invention. A program 100 shown in FIG. 5 is executed by 
the ECU 27 in the case of normal operation where the 
intake amount becomes constant, for example, at the time 
of idling after warmup. At step 101 of the program 100, 

20 the indicator of the state of combustion when the valve 

opening characteristic is set a first valve opening 
characteristic (hereinafter referred to as "the first 
valve opening characteristic"), that is, an indicator 
fluctuating in relation to the state of combustion 

25 (hereinafter referred to as the "indicator of the state 

of combustion" or the "indicator") Xfn, is detected for 
each cylinder (hereinafter, the indicator of the state of 
combustion of the first cylinder at the first valve 
opening characteristic will be indicated as "Xfl", and 

30 indicators of the second, third, and fourth cylinders 

will be indicated as "Xf2", "Xf3", and "Xf4" and, 
further, where these are indicated together, indicated as 
"Xfn"). For this first valve opening characteristic, the 
case where the operating angle and/or amount of lift is 

35 relatively large and the variation of the valve opening 

characteristics is small enough to ignore is selected. 
Accordingly, at the time of the first valve opening 
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characteristic, the intake amount becomes relatively 
large. Note that the case of an embodiment controlling 
only one of the operating angle and amount of lift by the 
valve opening characteristic control device is made a 
5 case where the operating angle or amount of lift is 

relatively large. 

Here, an explanation will be given of the indicator 
of the state of combustion. FIG. 6a and FIG. 6b and FIG. 
7a and FIG. 7b are views for explaining examples of the 

10 indicator of the state of combustion in the present 

invention. In these drawings, the fluctuation of the 
engine speed, the time required for the rotation by a 
crank angle of 90° (hereinafter referred to as "T90" )/ the 
exhaust air/fuel ratio (hereinafter appropriately 

15 referred to as "A/F" ) , and the cylinder pressure are 

shown . 

First, an explanation will be given of the case 
where the fluctuation of the engine speed is made the 
indicator of the state of combustion as shown in FIG. 6a. 

20 For the fluctuation of the engine speed, the change of 

the engine speed along with time is found based on the 
signal from the crank angle sensor 30. Therefore, by 
analyzing this by the relationship with the crank angle, 
the fluctuation of the rotation speed corresponding to 

25 the explosion in each cylinder (for example the 

difference between the rotational speed of the engine 
immediately before the ignition in each cylinder and the 
peak rotational speed after the ignition) can be found. 
Then, this value can be used as the fluctuation of the 

30 engine speed corresponding to each cylinder. In FIG. 6a, 

an ordinate indicates the crank angle speed, and an 
abscissan indicates the crank angle from top dead center 
TDC. A solid line YA0 shown in FIG. 6a indicates the 
crank angle speed at the time of normal operation, while 

35 the two dotted lines YA1 and YA2 indicate crank angle 

speeds where the crank angle is deviated to the retarded 
side and advanced side from that at the time of normal 
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operation. As shown in FIG. 6a, the displacements of the 
crank angle speed from top dead center TDC to 90° of the 
solid line YAO and the dotted lines YA1 and YA2 are 
indicated as the engine speed fluctuations XAO, XA1, and 
5 XA2 . Here, XAO corresponds to the standard value X 

mentioned later. Further, the difference between the 
engine speed fluctuation XAO at the time of normal 
operation and the engine speed fluctuation XA1 when the 
crank angle is at the retarded side is indicated by AXA1, 

10 and the difference between the engine speed fluctuation 

XAO at the time of normal operation and the engine speed 
fluctuation XA2 when the crank angle is at the advanced 
side is indicated by AXA2 . When the fluctuation of the 
engine speed is employed as the indicator of the state of 

15 combustion, the indicator Xfn at step 101 of FIG. 5 

corresponds to XA1 and XA2 in FIG. 6a. Further, the 
indicator Xsn where the valve opening characteristic at 
step 104 mentioned later is changed also corresponds to 
XA1 and XA2 in FIG. 6a. 

20 In the same way as above, as shown in FIG. 6b, an 

explanation will be given of the case where the time T90 
required for rotation by a crank angle of 90° is employed 
as the indicator of the state of combustion. The T90 is 
calculated at the ECU 27 from the crank angles obtained 

25 by the crank angle sensor 30 shown in FIG. 2. In FIG. 6b, 

the ordinate indicates the position of the piston 3. The 
top dead center TDC and the bottom dead center BDC are 
indicated by one-dot-chain lines. The abscissa of FIG. 6b 
indicates the time from the top dead center TDC. The 

30 solid line YB0 shown in FIG. 6b indicates the position of 

the piston 3 at normal operation, while the two dotted 
lines YB1 and YB2 indicate positions of the piston 3 when 
it is deviated to the retarded side and the advanced side 
from the time of normal operation. In FIG. 6b, at the 

35 center between the top dead center TDC and the bottom 

dead center BDC, the position of the piston 3 at the 
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crank angle 90° from the top dead center TDC is indicated 
by the dotted line. As shown in FIG. 6b, the 
displacements T90 from the top dead center TDC to 90° of 
the solid line YBO and the dotted lines YB1 and YB2 are 
5 indicated by XBO, XB1, and XB2 . Here, XBO corresponds to 

the standard value X mentioned later. Further, the 
difference between the displacement XBO at the time of 
normal operation and XB1 of T90 at the retarded side is 
indicated by AXB1, and the difference between the 

10 displacement XBO at the time of normal operation and XB2 

of T90 at the advanced side is indicated by AXB2 . FIG. 6b 
shows T90 as the time required for rotation by a crank 
angle of 90°, but cases where the times T120, T180, T360, 
etc. required for rotation by a crank angle of 120°, 180°, 

15 360°, etc. are employed are also deemed to be included 

within the scope of the present invention. When T90 is 
employed as the indicator of the state of combustion, the 
indicator Xfn at step 101 of FIG. 5 corresponds to XB1 
and XB2 in FIG. 6b. Further, the indicator Xsn where the 

20 valve opening characteristic at step 104 mentioned later 

is changed also corresponds to XB1 and XB2 in FIG. 6b. 

Next, an explanation will be given of the case where 
the air/fuel ratio A/F is employed as the indicator of 
the state of combustion by using FIG. 7a. For the 

25 air/fuel ratio, in the present embodiment, two air/fuel 

ratio sensors 58a and 58b are provided in the exhaust 
system as mentioned above, therefore the air/fuel ratio 
in each cylinder can be found by analyzing the change 
along with time of the air/fuel ratio detected by them by 

30 the relationship with the crank angle. Note that, it is 

also possible to provide air/fuel ratio sensors in the 
exhaust passageways 41, 42, 43, and 44 for each cylinder 
and find the air/fuel ratio for each cylinder by those. 
In FIG. 7a, the ordinate indicates the air/fuel ratio 

35 A/F, and the abscissa indicates the crank angle. A solid 

line YC0 shown in FIG. 7a indicates the air/fuel ratio 
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A/F in normal operation, while the two clotted lines YC1 
and YC2 indicate the air/fuel ratios A/F when deviated to 
the lean side and rich side from the time of normal 
operation. As shown in FIG. 7a, the air/fuel ratios A/F 
5 at certain crank angles of the solid line YCO and the 

dotted lines YC1 and YC2 are indicated by XCO, XC1, and 
XC2. Here, XCO corresponds to the standard value X 
mentioned later. Further, the difference between the 
air/fuel ratio XCO at the time of normal operation and 

10 the air/fuel ratio XC1 when at the rich side is indicated 

by AXC1, and the difference between the air/fuel ratio 
XCO at the time of normal operation and the air/fuel 
ratio XC2 when at the lean side is indicated by AXC2 . 
When the air/fuel ratio is employed as the indicator of 

15 the state of combustion, the indicator Xfn at step 101 of 

FIG. 5 corresponds to XC1 and XC2 in FIG. 7a. Further, 
the indicator Xsn where the valve opening characteristic 
at step 104 mentioned later is changed also corresponds 
to XC1 and XC2 shown in FIG. 7a. 

20 In the same way as above, an explanation will be 

given of the case where the cylinder pressure is employed 
as the indicator of the state of combustion by using FIG. 
7b. In FIG. 7b, the ordinate indicates the cylinder 
pressure, and the abscissa indicates the crank angle. The 

25 solid line YDO shown in FIG. 7b indicates the cylinder 

pressure at normal operation, while the two dotted lines 
YD1 and YD2 indicate the cylinder pressures where 
deviated from that at the time of normal operation to the 
high pressure side and the low pressure side. As shown in 

30 FIG. 7b, the cylinder pressures where the maximum 

pressures (combustion pressures) are given in the 
cylinders at the solid line YDO and the dotted lines YD1 
and YD2 are indicated by XD0, XD1, and XD2 . Here, XD0 
corresponds to the standard value X mentioned later. 

35 Further, the difference between the cylinder pressure XD0 

at the time of normal operation and the cylinder pressure 
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XD1 when at the high pressure side is indicated by AXD1, 
and the difference between the cylinder pressure XDO at 
the time of normal operation and the cylinder pressure 
XD2 when at the low pressure side is indicated by AXD2 . 
5 When the cylinder pressure is employed as the indicator 

of the state of combustion, the indicator Xfn at step 101 
of FIG. 5 corresponds to XD1 and XD2 in FIG. 7b. Further , 
the indicator Xsn at step 104 mentioned later also 
corresponds to XD1 and XD2 in FIG. 7b when the valve 

10 opening characteristic is changed. 

In this way, in the present invention, as the 
indicator of the state of combustion, the fluctuation of 
the engine speed, T90, air/fuel ratio, and cylinder 
pressure (combustion pressure) can be employed. By this, 

15 the existence of variation of the valve opening 

characteristic can be correctly detected with a 
relatively simple configuration as will be mentioned 
later. Further, it is also possible to simultaneously 
detect a plurality of indicators among them and use them 

20 as indicators of the state of combustion. 

When the indicator Xfn of the state of combustion as 
described above at the first valve opening characteristic 
is detected for each cylinder at step 101 shown in FIG. 
5, the routine proceeds to step 102. At step 102, an 

25 absolute value of the difference between the indicator 

Xfn obtained at step 101 and the standard value Xfr 
previously determined for the indicator (in more detail, 
the magnitude of the difference from the previously 
determined standard value) is calculated, and it is 

30 judged whether or not this absolute value of the 

difference is larger than a predetermined value CI. This 
standard value Xfr is a normal value or target value in 
each drive state for the indicator of the state of 
combustion found in advance by experiments etc., formed 

35 into a map, and stored in the ECU 27. Namely, the system 

is configured so that the standard value Xfr of the 
indicator of the state of combustion at that time is 
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obtained from for example the engine speed and the 
opening degree of the accelerator. Further, the 
predetermined value CI at step 101 is a value larger than 
zero. FIG. 8a is a view of a map of the predetermined 
5 value CI. As shown in FIG. 8a, the predetermined value CI 

is stored in the ECU 27 in the form of a map as a 
function of the load L and the engine speed N. Other 
measurement values mentioned later are formed into maps 
and stored in the ECU 27 in the same way as above. In the 

10 ECU 27, when it is judged that the absolute value of the 

difference between the indicator Xfn and the standard 
value Xfr (|Xfn-Xfr|) is larger than the predetermined 
value CI, the routine proceeds to step 103, while when it 
is judged that the absolute value of this difference 

15 (|Xfn-Xfr|) is smaller than the predetermined value CI, 

the routine proceeds to step 104. Note that the 
predetermined standard value Xfr may be an average value 
Xfavg (=ZXfn/n) from the indicator Xfl to Xf4 as well. 
At step 103, the difference between the indicator 

20 Xfn obtained at step 101 and the standard value Xfr 

previously determined for the indicator (in more detail, 
the magnitude of the difference from the previously 
determined standard value) AXfn is calculated for each 
cylinder. This standard value Xfr is the normal value or 

25 the target value in each drive state for the indicator of 

the state of combustion. It is found in advance by 
experiments etc., formed into a map, and stored in the 
ECU 27. Namely, the system is configured so that the 
standard value Xfr of the indicator of the state of 

30 combustion is obtained from for example the engine speed 

and the opening degree of the accelerator. By step 103, 
the differences AXfn (that is, the deviation for each 
cylinder) between the indicators Xfn of the states of 
combustion of the cylinders (first to fourth cylinders) 

35 and the standard value Xfr (that is, AXf l=Xf 1-XFr , 

AXf2=Xf2-Xfr, AXf 3=Xf 3-Xf r , AXf 4=Xf 4-Xf r ) are obtained. 
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The indicator Xfn at the time of the first valve opening 
characteristic represents the influence of the variation 
of the fuel injection amount as will be mentioned later, 
therefore, by calculating the deviation AXfn from the 
5 standard value Xfr, the variation of the fuel injection 

amount is learned. 

In the present embodiment, in FIG. 6a to FIG. 7b, 
the value at the time of normal operation, for example, 
XAO, corresponds to the standard value Xfr. Further, the 

10 difference, for example, AXA1 between this XAO and the 

value in each cylinder, for example XA1, is calculated as 
the deviation AXfn. Accordingly, AXA1 and AXA2 in FIG. 6a 
correspond to the deviation AXfn at step 103. In the same 
way as above, AXB1 and AXB2 in FIG. 6b, AXC1 and AXC2 in 

15 FIG. 7a, and AXD1 and AXD2 in FIG. 7b correspond to the 

deviation AXfn. Further, in FIG. 6a, FIG. 6b, FIG. 7a, 
and FIG. 7b, only two cylinders are shown, but in 
actuality, the same deviation is calculated also for the 
other cylinders, for example, in the case of four 

20 cylinders, the remaining two cylinders. Note that, in 

other embodiments, it is also possible to calculate an 
average value Xfavg (=SXfn/n) of the indicators Xfn 
obtained with respect to the cylinders and use the 
deviation between the average value Xfavg and each 

25 indicator Xfn (=Xfavg-Xfn) as the deviation AXfn or AXsn 

mentioned later. 

Next, at step 104, the indicator Xsn of the state of 
combustion when the valve opening characteristic is made 
the second valve opening characteristic is detected for 

30 each cylinder. This is a control step similar to step 101 

of the control routine of FIG. 5. In the control by the 
present control routine as well, at this second valve 
opening characteristic, the operating angle and/or amount 
of lift is made smaller than that at the time the first 

35 valve opening characteristic. Accordingly, at the time of 

the second valve opening characteristic, the intake 
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amount becomes relatively small. Note that, in the case 
of an embodiment where only one of the operating angle 
and amount of lift is controlled by the valve opening 
characteristic control device, the amount of lift is made 
5 smaller than that at the time of the first valve opening 

characteristic . 

Further, the intake amount and the rotation speed 
and the engine load when the valve opening characteristic 
is made the second valve opening characteristic at step 

10 104 are made the same as those at the time when the valve 

opening characteristic was the first valve opening 
characteristic at step 101. Namely, if the valve opening 
characteristic control device 57 normally operates, the 
throttle valve 56 is controlled so that the intake 

15 amounts become the same at the time of the valve opening 

characteristics. Note that, naturally, the indicator Xsn 
of the state of combustion detected at step 104 is made 
the same type as the indicator Xfn of the state of 
combustion detected at step 101. 

20 When the indicator Xsn of the state of combustion at 

the second valve opening characteristic is detected for 
each cylinder at step 104, the routine proceeds to step 
105. At step 105, the difference (Xfn-Xfr) between the 
indicator Xfn and the standard value Xfr is found, then 

25 it is judged whether or not the absolute value of this 

difference | Xfn-Xfr | is larger than a predetermined value 
CI 1 . The predetermined value CI 1 at step 105 is ^ value 
larger than zero. In the same way as the case of the 
predetermined value CI mentioned above, the predetermined 

30 value CI' is stored in the ECU 27 in the form of a map as 

a function of the load L and the engine speed N. Note 
that when the routine passes step 103, it is also 
possible to directly use the absolute value of the 
deviation AXfn. When it is judged at step 105 that the 

35 absolute value | Xfn-Xfr | is larger than the predetermined 

value CI 1 , the routine proceeds to step 106, while when 
it is judged that the absolute value | Xfn-Xfr | is not 
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larger than the predetermined value CI 1 , the routine 
proceeds to step 107. 

Here, an explanation will be given of the above 
judgment at step 105. When there is variation in the 
5 valve opening characteristic control device 57, that is, 

when there is variation in the valve opening 
characteristics, a difference occurs in the intake amount 
among cylinders. It is learned that the smaller the 
operating angle and amount of lift, the larger the 

10 influence thereof. On the other hand, the larger the 

operating angle and amount of lift, the smaller the 
influence upon the indicator due to the variation of the 
valve opening characteristics. Further, when the 
operating angle and the amount of lift are certain 

15 extents of value or more, it can be considered that the 

influence of the variation of the valve opening 
characteristics can be substantially ignored. For this 
reason, when the operating angle and amount of lift are 
relatively large, that is, when the influence with 

20 respect to the above indicator is detected at the time of 

the first valve opening characteristic, it can be judged 
that this cause is not variation of the valve opening 
characteristic control device 57, but due to a portion 
other than the valve opening characteristic control 

25 device 57, i.e., in the present invention, the variation 

of the fuel injection amount by the fuel injection 
system. Namely, when the absolute value |Xfn-Xfr| of the 
difference (Xfn-Xfr) between the indicator Xfn and the 
standard value Xfr is larger than a predetermined value 

30 CI' as at step 105, it can be judged that variation of 

the fuel injection amount had occurred. On the other 
hand, when the operating angle and the amount of lift are 
relatively small, that is, when the influence with 
respect to the above indicator occurs at the time of the 

35 second valve opening characteristic, this cause is not 

only the occurrence of variation of the valve opening 
characteristic by the valve opening characteristic 
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control device 57, but also the intermixture of variation 
of the fuel injection amount by the fuel injection system 
which is a portion other than the valve opening 
characteristic control device 57. 
5 Then, when the absolute value |Xfn-Xfr| of the 

difference (Xfn-Xfr) between the indicator Xfn and the 
standard value Xfr is larger than the predetermined value 
CI 1 , the routine proceeds to step 106. At step 106, by 
subtracting the difference (Xfn-Xfr) between the 

10 indicator Xfn and the standard value Xfr from the 

indicator Xsn at the time of the second valve opening 
characteristic calculated at step 104, a new indicator 
Xsn' (=Xsn- (Xfn-Xfr ) ) for the second valve opening 
characteristic is calculated for each cylinder. For 

15 example, when the internal combustion engine is a four- 

cylinder type, four new indicators from Xsl 1 (=Xsl- (Xf 1- 
Xfr)) to Xs4 1 (=Xs4- (Xf 4-Xfr) ) are calculated. Here, the 
difference (Xfn-Xfr) is not an absolute value, but in a 
state including positive and negative signs as it is. 

20 Accordingly, when the difference (Xfn-Xfr) is a positive 

value, the new indicator Xsn' becomes smaller than the 
original indicator Xsn, while when the difference (Xfn- 
Xfr) is a negative value, the new indicator Xsn' becomes 
larger than the original indicator Xsn. In this way, by 

25 correcting the amount of variation of the fuel injection 

amount (Xfn-Xf r=AXfn) , a new indicator Xsn' not including 
the influence of the variation of the fuel injection 
amount can be calculated. Accordingly, the new indicator 
Xsn 1 will represent the influence by only the variation 

30 of the valve opening characteristic. 

Next, at step 107, the absolute value of the 
difference between the indicator Xsn obtained at step 104 
or the new indicator Xsn 1 obtained at step 106 and the 
standard value Xsr previously determined for these 

35 indicators (in more detail, the magnitude of the 

difference from the previously determined standard value) 
is calculated. Namely, when the new indicator Xsn 1 is not 
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calculated (where NO is judged at step 105) , the absolute 
value (|Xsn-Xsr|) of the difference between the indicator 
Xsn (Xsl to Xs4 in the case of four cylinders) and the 
standard value Xsn is calculated. Then, where the new 
5 indicator Xsn 1 was calculated for each cylinder at step 

106, the absolute value (|Xsn f -Xsr|) of the difference 
between the new indicator Xsn 1 (Xsl 1 to Xs4 f in the case 
of four cylinders) and the standard value Xsn is 
calculated. This standard value Xsr is the normal value 

10 or target value for the indicator in each drive state in 

the same way as the standard value Xfr. Further, at step 

107, it is judged whether or not the absolute value 
(|Xsn-Xsr| or | Xsn' -Xsr |) of these differences is larger 
than a predetermined value C2 . The predetermined value C2 

15 in the above step 107 is a value larger than zero. FIG. 

8b is a view of a map of the predetermined value C2 . As 
shown in FIG. 8b, the predetermined value C2 is stored in 
the ECU 27 in the form of a map as a function of the load 
L and the engine speed N. When it is judged at step 107 

20 that the absolute value (|Xsn-Xsr| or | Xsn' -Xsr |) of the 

difference is larger than the predetermined value C2, the 
routine proceeds to step 108. On the other hand, when it 
is judged at step 107 that the absolute value of the 
difference mentioned above is not larger than the 

25 predetermined value, it is judged that there is no 

variation of the valve opening characteristic and the 
processing is ended. Note that, the predetermined 
standard value Xsr may be the average value Xsavg 
(=EXsn/n) from the indicators Xsl to Xs4 as well. 

30 At step 108, the difference AXsr between the 

indicator Xsn obtained at step 104 or the new indicator 
Xsn 1 obtained at step 106 and the standard value Xsr 
previously determined for these indicators (in more 
detail, the magnitude of the difference from the 

35 previously determined standard value) is calculated for 

each cylinder. This standard value Xsr is the normal 
value or target value for the indicator in each drive 



- 33 - 



state in the same way as the above standard value Xfr. 
For example, if the relationship shown in FIG. 6a for the 
time of the second valve opening characteristic different 
from the case of the first valve opening characteristic 
5 mentioned above is obtained, the value at the time of 

normal operation, for example, XAO, corresponds to the 
standard value Xsr. Then, the difference, for example 
AXAl between this XAO and the value in each cylinder, for 
example XA1, is calculated as the deviation AXsn. 

10 Accordingly, in this case, AXAl and AXA2 in FIG. 6a 

correspond to the deviation AXsn at step 108. In the same 
way as the above mentioned case, also AXB1 and AXB2 in 
FIG. 6b, AXC1 and AXC2 in FIG. 7a, and AXD1 and AXD2 in 
FIG. 7b can correspond to the deviation AXsn. By step 

15 108, the differences AXsn (that is, AXsl=Xsl-Xsr , 

AXs2=Xs2-Xsr, AXs3=Xs3-Xsr , and AXs4=Xs4-Xsr , or 
AXsl=Xsl'-Xsr, AXs2=Xs2'-Xsr, AXs3=Xs3 1 -Xsr , and 
AXs4=Xs4 ' -Xsr) between indicators Xsn of the state of 
combustion of cylinders (first to fourth cylinders) or 

20 the new indicator Xsn' and the standard value Xsr (that 

is, the deviation for cylinder) is obtained, and the 
processing is ended. As mentioned above, in the indicator 
Xsn at the time of the second valve opening 
characteristic, the variation of the fuel injection 

25 amount and the variation of the valve opening 

characteristic can be mixed, but in the present 
invention, where there is variation of the fuel injection 
amount, this is corrected (the difference (Xfn-Xfr) is 
subtracted from the indicator Xsn) , therefore, by 

30 calculating the deviation AXsn from the standard value 

Xsr, just the variation of the valve opening 
characteristic can be calculated. 

FIG. 9a is a view of an indicator Xfn at the time of 
the first valve opening characteristic in any cylinder #1 

35 and cylinder #2 in the internal combustion engine 
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provided with four cylinders (#1 to #4) as an example. 
Further, FIG . 9b is a view of an indicator Xsn at the 
time of the second valve opening characteristic in any 
cylinder #1 and #2. Dotted lines X shown in these 
5 diagrams indicate standard values and correspond to XAO 

in FIG. 6a, XBO in FIG. 6b, XCO in FIG. 7a, and XDO in 
FIG. 7b. As shown in FIG. 9a, when the indicators Xfn at 
the time of the first valve opening characteristic in the 
cylinder #1 and the cylinder #2 are approximately equal 

10 or they are slightly deviated to an extent that does not 

exceed a predetermined value CI although not illustrated, 
it is judged at step 102 of FIG. 5 that the absolute 
value (|Xfn-Xfr|) of the difference between the indicator 
Xfn and the standard value Xfr is not larger than the 

15 predetermined value CI (NO judgment) . Accordingly, in 

this case, the routine will proceed to step 104 without 
passing through step 103. Further, when the absolute 
value |Xfn-Xfr[ of the difference (Xfn-Xfr) between the 
indicator Xfn and the standard value Xfr is not larger 

20 than the predetermined value CI', the amount of variation 

of the fuel injection amount is not corrected at step 
106. Namely, it is judged that variation of the fuel 
injection amount does not occur. Further, as shown in 
FIG. 9b, when indicators Xsn at the time of the second 

25 valve opening characteristic in the cylinder #1 and the 

cylinder #2 are approximately equal or they are slightly 
deviated to an extent that does not exceed a 
predetermined value C2 although not illustrated, it is 
judged at step 107 that the absolute value (|Xsn-Xsr|) of 

30 the difference between the indicator Xsn and the standard 

value Xsr is not larger than the predetermined value C2 
(NO judgment) . That is, in this case, it is also judged 
that variation of the valve opening characteristic does 
not occur. 

35 FIG. 10a and FIG. 10b are views the same as FIG. 9a 

and FIG. 9b showing indicators Xsn at times of the first 
valve opening characteristic and second valve opening 
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characteristic in any cylinders #1 and #2 in other cases. 
The dotted lines X are as mentioned before. As shown in 
FIG. 10a, when the indicators Xfn at the time of the 
first valve opening characteristic in the cylinder #1 and 
5 the cylinder #2 are approximately equal or they are 

slightly deviated to an extent that does not exceed a 
predetermined value CI although not illustrated, as 
mentioned above, it is judged NO at step 102 and the 
routine proceeds to step 104. Further, when the absolute 

10 value |Xfn-Xfr| of the difference (Xfn-Xfr) between the 

indicator Xfn and the standard value Xfr is not larger 
than the predetermined value CI 1 , the amount of variation 
of the fuel injection amount is not corrected at step 
106. Namely, it is judged that variation of the fuel 

15 injection amount does not occur. On the other hand, for 

the indicator Xsn at the time of the second valve opening 
characteristic, as shown in FIG. 10b, indicators Xsl and 
Xs2 are deviated from the standard line X in opposite 
directions to each other. In such a case, at step 107 of 

20 the program 100 shown in FIG. 5, it may be judged that 

the absolute value (|Xsn-Xsr|) of the difference between 
the indicator Xsn and the standard value Xsr is larger 
than a predetermined value C2 (YES judgment) . Then, at 
step 108, the deviation AXsn (AXsl and AXs2) is 

25 calculated. That is, in this case, it is judged that only 

variation of the valve opening characteristic occurs. 

At step 102 of the program 100 of FIG. 5, when it is 
judged that the absolute value (| Xfn-Xfr |) of the 
difference between the indicator Xfn at the time of the 

30 first valve opening characteristic and the standard value 

Xfr is larger than the predetermined value CI (YES 
judgment) , the patterns can be classified to at least 
three types. FIG. 11 is a flowchart for explaining 
further the three patterns when it is judged YES at step 

35 102 of FIG. 5. Accordingly, an explanation will be given 

of these three patterns by referring to FIG. 11. 

First, at step 201 shown in FIG. 11, it is judged 
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whether or not the positive and negative signs of the 
deviation AXfn calculated at step 103 of FIG. 5 and the 
positive and negative signs of the deviation AXsn 
calculated at step 108 are equal. When the signs of these 
5 deviation AXfn and deviation AXsn are equal, the routine 

proceeds to step 202. At step 202, it is judged whether 
or not the absolute value | AXfn I of the deviation AXfn 
and the absolute value | AXsn | of the deviation AXsn are 
equal to each other, that is, whether or not 

10 | AXfn | = | AXsn | . Further, when it is judged at step 202 

that | AXfn | = | AXsn | , the routine proceeds to step 203. 

FIG. 12a to FIG. 12c are views showing the indicator 
Xfn and the indicator Xsn when the routine proceeds to 
step 203 of FIG. 11 and the new indicator Xsn' after the 

15 correction. The indicators Xfl and Xf2 at the time of the 

first valve opening characteristic shown in FIG. 12a are 
deviated from the standard value X in opposite directions 
to each other by exactly AXfl and AXf2. On the other 
hand, as shown in FIG. 12b, the indicators Xsl and Xs2 at 

20 the time of the second valve opening characteristic are 

also deviated from the standard value X in opposite 
directions to each other by exactly AXsl and AXs2. 
Further, the deviation direction of AXsl and AXs2 becomes 
equal to the deviation direction of AXfl and AXf2 shown 

25 in FIG. 12a. Accordingly, it is judged YES at step 201. 

Further, as seen from FIG. 12a and FIG. 12b, the absolute 
value | AXfl | of AXfl and the absolute value |AXsl| of 
AXsl become equal and, at the same time, the absolute 
value |AXf2| of AXf2 and the absolute value |AXs2| of 

30 AXs2 become equal. Namely, | AXf n I = I AXsn I is established, 

so it is judged YES at step 202. Then, | AXf n | = | AXsn | 
stands, therefore, AXsn for the new indicator Xsn 1 
obtained by the correction at step 106 of FIG. 5 becomes 
approximately zero as shown in FIG. 12c. Namely, in this 

35 case, before the correction (FIG. 12b), it looks like the 
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deviation AXsn exists and variation of the valve opening 
characteristic exists, but by performing the above 
correction, it is seen that, in actuality, the deviation 
AXsn does not exist, and accordingly variation of the 
5 valve opening characteristic does not occur (refer to 

FIG. 12c) . 

Referring to FIG. 11 again, when it is judged at 
step 202 that the absolute value |AXfn| of the deviation 
AXfn and the absolute value |AXsn| of the deviation AXsn 

10 are not equal, that is | AXf n | * | AXsn | , the routine 

proceeds to step 204. FIG. 13a to FIG. 13c are views 
showing the indicator Xfn and the indicator Xsn when the 
routine proceeds to step 204 and the new indicator Xsn 1 
after the correction. FIG. 13a is substantially the same 

15 as FIG. 12a, so the explanation will be omitted. On the 

other hand, as shown in FIG. 13b, the indicators Xsl and 
Xs2 at the time of the second valve opening 
characteristic are also deviated from the standard value 
X in opposite directions to each other by exactly AXsl 

20 and AXs2, and the deviation directions of these AXsl and 

AXs2 become equal to the deviation directions of AXfl and 
AXf 2 shown in FIG. 13a. Accordingly, it is judged YES at 
step 201. 

As seen from FIG. 13a and FIG. 13b, however, the 
25 absolute value |AXsl| of AXsl becomes larger than the 

absolute value I AXfl | of AXfl, and also the absolute 
value |AXs2| of AXs2 becomes larger than the absolute 
value | AXf 2 | of AXf 2. Namely, in this case, | AXfn I 
becomes not equal to |AXsn|, and accordingly, it is 
30 judged NO at step 202. Then, in this case, when the new 

indicator Xsn' (=Xsn- (Xfn-Xf r) ) is calculated by the 
correction at step 106 of FIG. 5, the new indicator Xsn' 
becomes as shown in FIG. 13c. Namely, the deviation 
direction of AXsn (FIG. 13c) based on the new indicator 
35 Xsn 1 after the correction becomes equal to the deviation 
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direction of AXsn (FIG. 13b) before the correction, and 
the absolute value |AXsn| of AXsn after the correction 
becomes smaller than the absolute value |AXsn| of AXsn 
before the correction. Namely, in this case, the 
5 deviation AXsn becomes relatively large before the 

correction (FIG. 13b), accordingly the sum of the 
variation of the valve opening characteristic and the 
variation of the fuel injection amount looks relatively 
large, but it is seen that, in actuality, the new 

10 deviation AXsn after the correction becomes relatively 

small. Namely, in this case, it is seen most of the 
deviation AXsn before the correction is based on the 
variation of the fuel injection amount and that the 
variation of the valve opening characteristic per se is 

15 actually relatively small. 

Referring to FIG. 11 again, when it is judged at the 
above step 201 that the positive and negative signs of 
the deviation AXfn and the positive and negative signs of 
the deviation AXsn are not equal, the routine proceeds to 

20 step 205. FIG. 14a to FIG. 14c are views showing the 

indicator Xfn and the indicator Xsn of a certain case 
when the routine can proceed to step 205 and the new 
indicator Xsn 1 after the correction. As shown in FIG. 
14a, the indicators Xfl and Xf2 at the time of the first 

25 valve opening characteristic are deviated from the 

standard value X in opposite directions to each other by 
exactly AXfl and AXf 2 . On the other hand, in FIG. 14b, 
the indicators Xsl and Xs2 at the time of the second 
valve opening characteristic may not deviate from the 

30 standard value X or these indicators Xsl and Xs2 may be 

slightly deviated in opposite directions to each other 
with respect to the deviation directions of AXfl and AXf2 
in FIG. 14a. Then, when the correction for the indicator 
Xsn at step 106 mentioned above is carried out, the new 

35 indicator Xsn 1 after the correction becomes as shown in 
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FIG. 14c. Namely, the amount of variation of the fuel 
injection amount shown in FIG. 14a is corrected, 
therefore new indicators Xsl' and Xs2 ' after the 
correction are deviated from the standard value X by AXsl 
5 and AXs2. Especially, in this case, as shown in FIG. 14b, 

no deviation of the indicator Xsn at the time of the 
second valve opening characteristic exists at first 
glance, so seemingly variation of the valve opening 
characteristic does not occur, but it is seen that the 

10 variation of the indicator Xsn, that is, the variation of 

the valve opening characteristic, actually occurred by 
performing the above correction. 

Note that, in the above description, the explanation 
was given by taking as an example the case where the 

15 valve opening characteristic was changed to two different 

valve opening characteristics (first valve opening 
characteristic and second valve opening characteristic) , 
but the present invention is not limited to this. It is 
also possible to change the valve opening characteristic 

20 to three or more different valve opening characteristics 

and detect the variation of the valve opening 
characteristic and the variation of the fuel injection 
amount based on the change of the difference of the 
deviation of the indicator and the standard value at that 

25 time. 

In this way, in the present invention, not only the 
deviation at the time of the second valve opening 
characteristic, but also the deviation at the time of the 
first valve opening characteristic are considered. In 

30 this way, by calculating the deviation of each cylinder 

from indicators of the state of combustion at two 
different valve opening characteristics and correcting 
them by using these deviations, it becomes possible to 
correctly detect variation among cylinders. Especially, 

35 when the real measurement value of the deviation AXsn at 

the time of the second valve opening characteristic is 
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near zero, there is a possibility that the variation of 
valve opening characteristics will not be detected, but 
in the present invention, in such case as well, it 
becomes possible to correctly detect occurrence of a 
5 variation of the valve opening characteristic. Further, 

naturally, suitable combinations of several of the above 
embodiments are also included in the scope of the present 
invention. 

FIG. 15 is a lateral sectional view of another 

10 spark-ignition internal combustion engine having a valve 

opening characteristic control device of the present 
invention mounted thereon. As shown in FIG. 15, intake 
passageways of the internal combustion engine 1 are 
connected to intake manifolds 71 and 72 arranged at both 

15 sides of the intake passageway. Then, passageways of the 

intake manifold 71 are connected to the first cylinder 
#1, the third cylinder #3, and the fifth cylinder #5 
arranged in a line in a left bank BL of the internal 
combustion engine 1. In the same way as above, 

20 passageways of the intake manifold 72 are connected to 

the second cylinder #2, the fourth cylinder #4, and the 
sixth cylinder #6 arranged in a line in a right bank BR 
of the internal combustion engine 1. That is, in the 
present invention, the odd number (uneven numbers, UN) 

25 cylinders are arranged at the left bank BL and, at the 

same time, the even number (EN) cylinders are arranged at 
the right bank BR. Note that, in FIG. 15, three cylinders 
are arranged in each bank, but the number of cylinders in 
the banks BL and BR may be different as well. 

30 FIG. 16 is a vertical sectional view seen from the 

front surface of the internal combustion engine shown in 
FIG. 15. As seen from FIG. 16, the internal combustion 
engine 1 in this case is a so-called V-type internal 
combustion engine in which the first cylinder #1 of the 

35 left bank BL and the second cylinder #2 of the right bank 

BR form a V-shape. Further, as shown in FIG. 16, a valve 
opening characteristic control device 57L for setting the 
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valve opening characteristics of the intake valves of the 
cylinders #1, #3, and #5 of the left bank BL, and a valve 
opening characteristic control device 57R for setting the 
valve opening characteristics of the intake valves of the 
5 cylinders #2, #4, and #6 of the right bank BR are 

provided in the internal combustion engine 1. Here, the 
valve opening characteristic control devices 57L and 57R 
are the same as the valve opening characteristic control 
device 57 explained by referring to FIG. 3 and FIG. 4, so 

10 their explanations will be omitted. 

Below, an explanation will be given of the detection 
of variation among banks in such a V-type internal 
combustion engine. FIG. 17 is a view of a flowchart of a 
program for the operation of the variation detection 

15 device of the internal combustion engine shown in FIG. 15 

and FIG. 16. In the case of the normal operation where 
the intake amount becomes constant, the program 300 shown 
in FIG. 17 is executed by the ECU 27 at the time of the 
idling after for example warmup. In the program 300 shown 

20 in FIG. 17, step 301 to step 308 are the same as steps 

101 to 108 of FIG. 5, so their explanations will be 
omitted. The deviation AXsn calculated at step 308 
includes the deviation AXsl for the first cylinder #1, 
the deviation AXs2 for the second cylinder #2, the 

25 deviation AXs3 for the first cylinder #3, the deviation 

AXs4 for the first cylinder #4, the deviation AXs5 for 
the first cylinder #5, and the deviation AXs6 for the 
first cylinder #6. Further, at step 309, these deviations 
are averaged for each bank. Namely, at step 309, the 

30 average value avgAXsn (UN) of the deviations AXsl, AXs3, 

and AXs5 for the left bank BL, that is, the odd number 
(UN) deviations AXsn (UN), is calculated and, at the same 
time, the average value avgAXsn (EN) of deviations AXs2, 
AXs4, and AXs6 for the right bank BR, that is, the even 

35 number (EN) deviations AXsn (EN), is calculated. Then, the 



- 42 - 



average value avgAXsn(UN) is made the deviation AXsL for 
the left bank BL and, at the same time, the average value 
avgAXsn(EN) is made the deviation AXsR for the right bank 
BR. 

5 An explanation will be given of the situation of 

finding such deviation AXsL and deviation AXsR by 
referring to FIG. 18a and FIG. 18b. The ordinates in FIG. 
18a and FIG. 18b indicate the indicator Xsn at the time 
of the second valve opening characteristic. Here the 

10 indicator Xsn 1 after the correction calculated at step 

306 is shown. The abscissa in FIG. 18a indicates the 
first cylinder #1 to the sixth cylinder #6 of the 
internal combustion engine shown in FIG. 15 etc. Further, 
the abscissa in FIG. 18b indicates the left bank BL and 

15 the right bank BR. Note that, the dotted lines X shown in 

these figures indicate the standard value the same as the 
case of FIG. 9 etc. 

Assume that deviations AXsn calculated at step 308 
of FIG. 17, that is, the deviation AXsl to the deviation 

20 AXs6, are distributed as shown in for example FIG. 18a. 

That is, as seen from FIG. 18a, the deviations AXsl, 
AXs3, and AXs5 of the cylinders of the left bank BL are 
distributed so as to be generally higher than the 
standard value X. Contrary to this, the deviations AXs2, 

25 AXs4, and AXs6 of the cylinders of the right bank BR are 

distributed so as to be generally lower than the standard 
value X. Then, at step 309 of FIG. 17, when the deviation 
AXsL at the left bank BL and the deviation AXsR at the 
right bank BR are calculated by averaging the deviations 

30 in each bank, the positions of the deviation AXsL and the 

deviation AXsR are determined as shown in FIG. 18b. In 
this way, by averaging the deviations AXsn of the 
cylinders in each bank, the deviation AXsL and the 
deviation AXsR for each bank are found. As mentioned 

35 above, the deviation AXsn represents the variation of the 
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valve opening characteristic of the intake valve 9, 
therefore, by calculating the deviation AXsL and the 
deviation AXsR for each bank, it becomes possible to 
judge the tendency of variation of the valve opening 
5 characteristic in each bank- That is, in the case shown 

in FIG. 18b, the variation of the valve opening 
characteristic at the left bank BL tends to be larger 
than the standard value X, and the variation of the valve 
opening characteristic at the right bank BR tends to be 

10 smaller than the standard value X. Especially, where the 

number of cylinders in each bank is large, it is not 
necessary to judge the variation of the valve opening 
characteristic for each cylinder, therefore it is 
advantageous to find the variation of the valve opening 

15 characteristic between banks. 

Note that, in the program 300 of FIG. 17, after 
calculating the deviations AXsn at step 308, these 
deviations AXsn are averaged for each bank at step 309, 
but it is also possible to employ another method of 

20 finding the deviations AXsL and AXsR without finding the 

average. For example, it is also possible to calculate 
only the deviation concerning one cylinder among three 
cylinders at the left bank BL, for example, the third 
cylinder #3 located at the center of the bank and use the 

25 deviation AXs3 as the deviation AXsL at the left bank BL. 

Further, it is also possible to employ for example the 
value in the middle among deviations AXsl, AXs3, and AXs5 
of the left bank BL (for example the deviation AXs3 in 
the case of AXsl<AXs3<AXs5) as the deviation AXsL for the 

30 left bank BL without finding the average. It is also 

possible to determine the deviation AXsR without finding 
the average in the same way as the above also for the 
right bank BR. 

It is also possible to calculate the deviation AXsL 

35 at the left bank BL and the deviation AXsR at the right 



- 44 - 



bank BR by a method other than the program 300 shown in 
FIG. 17. Both of FIG. 19 and FIG. 20 are views showing 
flowcharts of other programs for the operation of the 
variation detection device among banks of the internal 
5 combustion engine shown in FIG. 15 and FIG. 16. Program 

500 shown in FIG. 19 and FIG. 20 is executed by the ECU 
27 at the time of idling after for example warmup in the 
case of normal operation where the intake amount becomes 
constant. Below, an explanation will be given of other 
10 calculation methods for calculating the deviation AXsL 

and the deviation AXsR by referring to FIG. 19 and FIG. 
20. 

At step 501a of FIG. 19, in the same way as the case 
of the program 100, the indicator Xfn of the state of 

15 combustion in the first valve opening characteristic is 

detected for each cylinder. In this case, the internal 
combustion engine 1 shown in FIG. 15 includes six 
cylinders, that is, the first cylinder #1 to the sixth 
cylinder #6, therefore, the indicator Xfl to the 

20 indicator Xf6 will be detected. Note that, in this first 

valve opening characteristic, the case where the 
operating angle and/or the amount of lift is relatively 
large and the case where the variation of the valve 
opening characteristic is small enough to ignore is 

25 selected. Accordingly, at the time of the first valve 

opening characteristic, the intake amount becomes 
relatively large. Note that, the case of an embodiment 
controlling only one of the operating angle and amount of 
lift by the valve opening characteristic control device 

30 is the case where the operating angle or amount of lift 

is relatively large. Further, indicators of the state of 
combustion at step 501 and step 504 mentioned later are 
the same as the case referring to FIG. 6a, FIG. 6b, FIG. 
7a, and FIG. 7b, so the explanation will be omitted. 

35 Next, the routine proceeds to step 501b, where the 

indicator Xfl to the indicator Xf6 for the first cylinder 
#1 to the sixth cylinder #6 are averaged for the banks. 
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As mentioned above, the first cylinder #1, the third 
cylinder #3, and the fifth cylinder #5 are arranged at 
the left bank BL, and the second cylinder #2, the fourth 
cylinder #4, and the sixth cylinder #6 are arranged at 
5 the right bank BR. Accordingly, at step 501b, first the 

average value avgXfn(UN) of the indicators Xfl, Xf3, and 
Xf5 for the left bank BL, that is the indicators Xfn(UN) 
of the odd number (UN) cylinders, is calculated and made 
the indicator XfL for the left bank BL. In the same way 
10 as above, the average value avgXfn(EN) of the indicators 

Xf2, Xf4, and Xf6 for the right bank BR, that is, the 
indicators Xfn (EN) of the even number (EN) cylinders, is 
calculated and made the indicator XfR for the right bank 
BR. 

15 Note that after detecting the indicators Xfn at step 

501a, these indicators Xfn are averaged for each bank at 
step 501b, but in the program 500 as well, another method 
of finding the indicators XfL and XfR without finding the 
average can be employed as well. For example, it is also 

20 possible to detect only the indicator of the state of 

combustion for any one cylinder among the three cylinders 
at the left bank BL, for example, the third cylinder #3 
located at the center of the bank, and use this as the 
indicator XfL of the state of combustion of the left bank 

25 BL. Further, it is also possible to employ for example 

the middle value among the indicators Xfl, Xf3, and Xf5 
of the left bank BL as the indicator XfL for the left 
bank BL without finding the average. The same is true 
also for the right bank BR. 

30 When the indicator XfL for the left bank BL and the 

indicator XfR for the right bank BR are calculated, the 
routine proceeds to step 502. At step 502, the absolute 
values of differences between the indicators XfL and XfR 
obtained at step 501 and standard values XfrL and XfrR 

35 previously determined for these indicators (in more 

detail, the magnitude of the difference from the 
previously determined standard value) is calculated, and 
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it is judged whether or not the absolute values of these 
differences are larger than a predetermined value Dl . 
These standard values XfrL and XfrR are the normal values 
or target values in the drive states for indicators of 
5 the state of combustion. They are found in advance by 

experiments etc., formed into maps, and stored in the ECU 
27. Namely, for example, the system is configured so that 
the standard values XfrL and XfrR of indicators of the 
state of combustion at that time are obtained from for 

10 example the engine speed and the opening degree of the 

accelerator. Further, the predetermined value Dl in the 
above step 502 is a value larger than zero. In the ECU 
27, where it is judged that at least one of the absolute 
values ( | Xf L-Xf rL | , |XfR-XfrR|) of the differences 

15 between the indicators XfL and XfR and standard values 

XfrL and XfrR is larger than the predetermined value Dl, 
the routine proceeds to step 503, while when it is judged 
that the absolute values (|Xfn-XfrL|, |XfL-XfrR|) of 
these differences are not larger than the predetermined 

20 value Dl, the routine proceeds to step 504a. Note that, 

it is also possible if the predetermined standard values 
XfrL and XfrR are the average values Xfavg (=SXfn/n) from 
the indicators Xfl to Xf6. 

At step 503, the differences AXfL and AXfR between 

25 the above indicators XfL and XfR obtained at step 501b 

and the standard values XfrL and XfrR previously 
determined for the indicators (in more detail, magnitudes 
of differences from previously determined standard 
values) (that is, AXf L=Xf L-Xf rL, AXf R=Xf R-Xf rR) are 

30 calculated for each bank. These standard values XfrL and 

XfrR are normal values or target values in drive states 
for indicators of the state of combustion. They are found 
in advance by experiments etc., formed into maps, and 
stored in the ECU 27. Namely, the system is configured so 

35 that the standard values XfrL and XfrR of indicators of 

the state of combustion at that time can be obtained from 
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for example the engine speed and the opening degree of 
the accelerator. By step 503, the differences AXfL and 
AXfR between the indicators XfL and XfR of the state of 
combustion of the banks (left bank BL and right bank BR) 
5 and the standard values XfrL and XfrR (that is, 

deviations for each bank) are obtained. The indicators 
XfL and XfR at the time of the first valve opening 
characteristic represent the influence of the variation 
of the fuel injection amount in the same way as above 

10 Xfn, therefore, by calculating the deviations AXfL and 

AXfR from the standard values XfrL and XfrR, the 
variation of the fuel injection amount is learned. 

In the present embodiment, in FIG. 6a to FIG. 7b, 
the value at the time of normal operation, for example, 

15 XAO, corresponds to the standard values XfrL and XfrR. 

Further, the difference, for example AXA1 between this 
XAO and the value in each bank, for example XA1, is 
calculated as the deviations AXfL and AXfR. Accordingly, 
AXA1 and AXA2 in FIG. 6a can correspond to deviations 

20 AXfL and AXfR at step 503. In the same way as the above, 

AXB1 and AXB2 in FIG. 6b, AXC1 and AXC2 in FIG. 7a, and 
AXD1 and AXD2 in FIG. 7b can correspond to the deviations 
AXfL and AXfR. 

Next, at step 504a, the indicator Xsn of the state 

25 of combustion when the valve opening characteristic is 

made the second valve opening characteristic is detected 
for each cylinder. In this case, the internal combustion 
engine 1 shown in FIG. 15 includes six cylinders, that 
is, the first cylinder #1 to the sixth cylinder #6, 

30 therefore, the indicator Xsl to the indicator Xs6 are 

detected. In the control by the present control routine 
as well, at this second valve opening characteristic, the 
operating angle and/or amount of lift is made smaller 
than that at the time of the first valve opening 

35 characteristic. Accordingly, at the time of the second 
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valve opening characteristic, the intake amount becomes 
relatively small. Note that, in the case of an embodiment 
controlling only one of the operating angle and the 
amount of lift by the valve opening characteristic 
5 control device, the operating angle or the amount of lift 

is made smaller than that at the time of the first valve 
opening characteristic. 

Further, at step 504a, the intake amount, the 
rotation speed, and the engine load when the valve 

10 opening characteristic is made the second valve opening 

characteristic are made the same as those when the valve 
opening characteristic was the first valve opening 
characteristic at step 501. Namely, if the valve opening 
characteristic control devices 57L and 57R normally 

15 operate, the throttle valve 56 is controlled so that the 

intake amount becomes the same at the time of each valve 
opening characteristic. Note that, naturally, the 
indicator Xsn of the state of combustion detected at step 
504a is made the same type as the indicator Xfn of the 

20 state of combustion detected at step 501. 

Next, the routine proceeds to step 504b, where the 
indicator Xsl to the indicator Xs6 for the first cylinder 
#1 to the sixth cylinder #6 are averaged for each bank. 
As mentioned above, the first cylinder #1, the third 

25 cylinder #3, and the fifth cylinder #5 are arranged at 

the left bank BL, and the second cylinder #2, the fourth 
cylinder #4, and the sixth cylinder #6 are arranged at 
the right bank BR. Accordingly, at step 504b, the average 
value avgXsn(UN) of the indicators Xsl, Xs3, and Xs5 for 

30 the left bank BL, that is the indicators Xsn (UN) of the 

odd number (UN) cylinders, is calculated, and this 
average value is made the indicator XsL for the left bank 
BL. In the same way as the above, the average value 
avgXsn(EN) of the indicators Xs2, Xs4, and Xs6 for the 

35 right bank BR, that is, the indicators Xsn (EN) of the 

even number (EN) cylinders, is calculated, and this 
average value is made the indicator XsR for the right 
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bank BR. 

Note that, for the indicators XfL and XfR, in the 
same way as the above case, it is also possible to find 
the indicators XsL and XsR without finding the average. 
5 When the indicators XsL and XsR in the state of 

combustion at the second valve opening characteristic are 
detected for each bank at step 504b, the routine proceeds 
to step 505. At step 505, the differences (XfL-XfrL, XfR- 
XfrR) between the indicators XfL and XfR and the standard 

10 values XfrL and XfrR are found and it is judged whether 

or not the absolute values | XfL-XfrL | and |XfR-XfrR| of 
these differences are larger than a predetermined value 
Dl 1 . The predetermined value Dl ' at step 505 is a value 
larger than zero. In the same way as the case of the 

15 predetermined value Dl mentioned above, the predetermined 

value Dl 1 is stored in the ECU 27 in the form of a map as 
a function of the load L and engine speed N. Note that, 
when the routine passes step 503, it is also possible to 
directly use the absolute values of the deviations AXfL 

20 and AXfR. When it is judged at step 505 that at least one 

of the absolute values | XfL-XfrL | and |XfR-XfrR| is 
larger than the predetermined value Dl ' , the routine 
proceeds to step 506, while when it is judged that the 
absolute values I XfL-XfrL | and |XfR-XfrR| are not larger 

25 than the predetermined value Dl 1 , the routine proceeds to 

step 507. 

Here, an explanation will be given of the judgment 
at step 505 described above. When there is variation in 
the valve opening characteristic control devices 57L and 

30 57R, that is, when there is variation in the valve 

opening characteristics, a difference arises in the 
intake amount between the banks. It is learned that the 
smaller the operating angle and amount of lift, the 
larger the influence. On the other hand, the larger the 

35 operating angle and amount of lift, the smaller the 

influence upon the indicators due to the variation of the 
valve opening characteristics. Further, when the 
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operating angle and amount of lift are certain extents of 
values or more, it can be considered that the influence 
of the variation of the valve opening characteristics is 
substantially ignorable. For this reason, when the 
5 operating angle and amount of lift are relatively large, 

that is, when the influence with respect to the 
indicators mentioned above is detected at the time of the 
first valve opening characteristic, it can be decided 
that this cause is not variation of the valve opening 

10 characteristic control devices 57L and 57R, but a portion 

other than the valve opening characteristic control 
devices 57L and 57R, i.e., in the present invention, the 
variation of the fuel injection amount by the fuel 
injection system. Namely, when the absolute values |XfL- 

15 XfrLI and I XfR-XfrR | of differences (XfL-XfrL, XfR-XfrR) 

between the indicators XfL and XfR and standard values 
XfrL and XfrR are larger than the predetermined value Dl 1 
as at step 505, it can be judged that variation of the 
fuel injection amount occurs. On the other hand, when the 

20 operating angle and the amount of lift are relatively 

small, that is, where the influence with respect to the 
indicators mentioned above occurs at the time of the 
second valve opening characteristic, this cause is not 
only variation of the valve opening characteristic by the 

25 valve opening characteristic control devices 57L and 57R, 

but also the mixing of variation of the fuel injection 
amount by the fuel injection system which is a portion 
other than the valve opening characteristic control 
devices 57L and 57R. 

30 Further, when at least one of the absolute values 

I XfL-XfrL | and | XfR-XfrR | of the differences (XfL-XfrL, 
XfR-XfrR) between the indicators XfL and XfR and their 
standard values XfrL and XfrR is larger than the 
predetermined value Dl 1 , the routine proceeds to step 

35 506. At step 506, by subtracting the difference (XfL- 

XfrL) between the indicator XfL and the standard value 
XfrL from the indicator XsL for the left bank BL at the 
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time of the second valve opening characteristic 
calculated at step 504b, a new indicator XsL 1 (=XsL-(XfL- 
Xf rL) ) for the second valve opening characteristic is 
calculated. In the same way as the above, by subtracting 
5 the difference (XfR-XfrR) between the indicator XfR and 

the standard value XfrR from the indicator XsR for the 
right bank BR, a new indicator XsR 1 (=XsR- (XfR-XfrR) ) for 
the second valve opening characteristic is calculated. 
Here, the difference (XfL-XfrL) and the difference (XfR- 

10 XfrR) are not absolute values, but in states including 

the positive and negative signs as they are. Accordingly, 
when the difference (XfL-XfrL) and the difference (XfR- 
XfrR) are positive values, the new indicators XsL 1 and 
XsR 1 become smaller than the original indicators XsL and 

15 XsR, while when the difference (XfL-XfrL) and the 

difference (XfR-XfrR) are negative values, the new 
indicators XsL 1 and XsR' become larger than the original 
indicators XsL and XsR. In this way, by correcting the 
amounts of variation of the fuel injection amounts (XfL- 

20 XfrL=AXfL and Xf R-Xf rR=AXfR) , new indicators XsL ' and 

XsR' not including the influence of variation of the fuel 
injection amount can be calculated. Accordingly, the new 
indicator XsL 1 represents the influence of only the 
variation of the valve opening characteristic at the left 

25 bank BL, and the new indicator XsR 1 represents the 

influence of only the variation of the valve opening 
characteristic at the right bank BR. 

Next, at step 507, the absolute values of the 
differences between the indicators XsL and XsR obtained 

30 at step 504b or the new indicators XsL f and XsR 1 obtained 

at step 506 and the standard values XsrL and XsrR 
previously determined for these indicators (in more 
detail, magnitudes of differences from the previously 
determined standard values) are calculated. Namely, when 

35 the new indicators XsL' and XsR 1 are not calculated 

(where it is judged NO at step 505), the absolute values 
(|XsL-XsrL|, |XsR-XsrR|) of differences between the 
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indicators XsL and XsR and their standard values XsL and 
XsR are calculated. Further, when the new indicators XsL 1 
and XsR' for the banks are calculated at step 506, the 
absolute values ( | XsL 1 -XsrL | , |XsR'-XsrR|) of differences 
5 between the indicators XsL' and XsR f and their standard 

values XsrL and XsrR are calculated. These standard 
values XsrL and XsrR are normal values or target values 
for indicators in drive states in the same way as the 
standard values XfrL and XfrR. Further, it is judged at 

10 step 507 whether or not the absolute values (|XsL-XsrL| 

or IXsL'-XsrLI and |XsR-XsrR| or |XsR'-XsrR|) of these 
differences are larger than a predetermined value D2 . The 
predetermined value D2 at step 507 is a value larger than 
zero. The predetermined value D2 is stored in the ECU 27 

15 in the form of a map as a function of the load L and the 

engine speed N. At step 507, when it is judged that an 
absolute value (|XsL-XsrL| or | XsL ' -XsrL | and |XsR-XsrR| 
or |XsR f -XsrR|) of differences is larger than the 
predetermined value D2, the routine proceeds to step 508. 

20 On the other hand, when it is judged at step 507 that the 

absolute values of the differences mentioned above are 
not larger than the predetermined value, it is judged 
that variation of valve opening characteristic does not 
exist, and the processing is ended. Note that, it is also 

25 possible if the predetermined standard values XsrL and 

XsrR are the average values Xsavg (=ZXsn/n) of the 
indicator Xsl to Xs6. 

At step 508, the differences AXsL (=XsL-XsrL or 
=XsL'-XsrL) and AXsR (=XsR-XsrR or =XsR'-XsrR) between the 

30 indicators XsL and XsR obtained at step 504b or new 

indicators XsL' and XsR 1 obtained at step 506 and the 
standard values XsrL and XsrR previously determined for 
these indicators (in more detail, magnitudes of 
differences from the previously determined standard 

35 values) are calculated for each bank. These standard 

values XsrL and XsrR are normal values or target values 
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for the indicators in the drive states in the same way as 
the above standard values XfrL and XsrR. For example, 
when the relationship shown in FIG. 6a for the time of 
the second valve opening characteristic different from 
5 the case of the first valve opening characteristic 

mentioned above is obtained, the value at the time of 
normal operation, for example, XAO, corresponds to the 
standard values XsrL and XsrR. Then, the difference, for 
example AXA1 between this XAO and the value in each 

10 cylinder, for example XA1 is calculated as the deviations 

AXsL and AXsR. Accordingly, in this case, AXA1 and AXA2 
in FIG. 6a can correspond to the deviations AXsL and AXsR 
at step 508. In the same way as the above case, AXB1 and 
AXB2 in FIG. 6b, AXC1 and AXC2 in FIG. 7a, and AXD1 and 

15 AXD2 in FIG. 7b can correspond to the deviations AXsL and 

AXsR. By step 508, the differences AXsL and AXsR between 
the indicators XsL and XsR of the state of combustion in 
the banks or new indicators XsL 1 and XsR 1 and the 
standard values XsrL and XsrR are obtained, and the 

20 processing is ended. As mentioned above, in the 

indicators XsL and XsR at the time of the second valve 
opening characteristic, the variation of the fuel 
injection amount and the variation of the valve opening 
characteristic may be mixed, but in the present 

25 invention, when variation of the fuel injection amount 

exists, this is corrected (the difference (XfL-XfrL) is 
subtracted from the indicators XsL and XsL 1 and, at the 
same time, the difference (XfR-XfrR) is subtracted from 
the indicators XsR and XsR'), therefore, by calculating 

30 the deviations AXsL and AXsR, just the variation of the 

valve opening characteristic can be calculated. 

In this way, in the present invention, not only the 
deviation at the time of the second valve opening 
characteristic, but also the deviation at the time of the 

35 first valve opening characteristic are considered. In 

this way, by calculating the deviation in each bank from 
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the indicators of the state of combustion at two 
different valve opening characteristics and performing 
correction by using these deviations, it becomes possible 
to correctly detect the inter-bank variation. Especially, 
5 when the real measurement value of the deviation AXsn at 

the time of the second valve opening characteristic is 
near zero, there was the possibility that the variation 
of the valve opening characteristic was not detected, but 
in the present invention, even in such case, it becomes 

10 possible to correctly detect existence of variation of 

the valve opening characteristic. 

Note that, after the deviation AXsL at the left bank 
BL and the deviation AXsR at the right bank BR are 
calculated, preferably the valve opening characteristic 

15 control device 57L and the valve opening characteristic 

control device 57R for each bank (refer to FIG. 16) are 
adjusted so that these deviation AXsL and deviation AXsR 
are eliminated. 

FIG. 21 is a view of a flowchart of a program for 

20 the operation performed for eliminating the variation 

among banks in the case of the internal combustion engine 
shown in FIG. 15 and FIG. 16. Below, an explanation will 
be given of the elimination of the deviation AXsL and the 
deviation AXsR for the variation of the valve opening 

25 characteristic among banks by adjusting the valve opening 

characteristic control devices 57L and 57R by referring 
to FIG. 21. At step 601 of the program 600 shown in FIG. 
21, both of the deviation AXsL of the left bank BL and 
the deviation AXsR of the right bank BR are acquired. 

30 Assume that these deviation AXsL and deviation AXsR are 

obtained from either of step 309 of the program 300 shown 
in FIG. 17 or step 508 of the program 500 shown in FIG. 
19 and FIG. 20 and stored in the ECU 27. Accordingly, at 
step 601, these deviations AXsL and AXsR are acquired 

35 from the ECU 27. 
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Next, at step 602, it is judged whether or not the 
deviation AXsL is larger than the predetermined value 
AXsLO and whether or not the deviation AXsR is larger 
than the predetermined value AXsRO. Assume that the 
5 predetermined values AXsLO and AXsRO are values 

previously determined by experiments etc. and near zero 
and are previously stored in the ROM or RAM of the ECU 
27. When the deviation AXsL is not larger than the 
predetermined value AXsLO and the deviation AXsR is not 

10 larger than the predetermined value AXsRO, it is decided 

that variation of the valve opening characteristic 
slightly exists, but to an ignorable extent and the 
processing is ended. On the other hand, when the 
deviation AXsL is larger than the predetermined value 

15 AXsLO and/or the deviation AXsR is larger than the 

predetermined AXsRO, the routine proceeds to step 603. At 
step 603, it is judged whether or not the deviation AXsL 
of the left bank BL is larger than the deviation AXsR of 
the right bank BR. When the deviation AXsL is larger than 

20 the deviation AXsR, the routine proceeds to step 604, 

while when the deviation AXsL is smaller than the 
deviation AXsR, the routine proceeds to step 605. 

At step 604, by subtracting a predetermined value a 
from the target valve opening characteristic correction 

25 learning value VL of the valve opening characteristic 

control device 57L for the intake valve 9 of a cylinder 
at the left bank BL, a new target valve opening 
characteristic correction learning value VL is obtained. 
Then, by adding a predetermined value P to the target 

30 valve opening characteristic correction learning value VR 

of the valve opening characteristic control device 57R 
for the intake valve of a cylinder at the right bank BR, 
a new target valve opening characteristic correction 
learning value VR is obtained. Assume that the 
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predetermined values a and (5 are small values larger than 
zero and stored in the ECU 27 in advance. These 
predetermined values a and p may be values equal to each 
other too. 

5 On the other hand, when the routine proceeds to step 

605, conversely to the case of step 604, by adding the 
predetermined value a to the target valve opening 
characteristic correction learning value VL of the valve 
opening characteristic control device 57L at the left 

10 bank BL, the new target valve opening characteristic 

correction learning value VL is obtained. Further, by 
subtracting the predetermined value P from the target 
valve opening characteristic correction learning value VR 
of the valve opening characteristic control device 57R at 

15 the right bank BR, a new target valve opening 

characteristic correction learning value VR is obtained. 

Note that the predetermined values a and p at step 
604 and step 605 are values giving differences (VL-ot, VR- 
p) between the target valve opening characteristic 

20 correction learning values VL and VR and these 

predetermined values of zero or more. 

Next, at step 606, the new target valve opening 
characteristic correction learning value VL obtained at 
step 604 or step 605 is added to the previously 

25 determined base target value VL0, and the result is made 

the new valve opening characteristic target value for the 
valve opening characteristic control device 57L of the 
left bank BL. For the right bank BR as well, in the same 
way as the above, the new target valve opening 

30 characteristic correction learning value VR obtained at 

step 604 or step 605 is added to the previously 
determined base target value VR0, and the result is made 
the new valve opening characteristic target value for the 
valve opening characteristic control device 57R of the 

35 right bank BR. Then, the routine returns to step 601 

again. This series of processing is repeatedly carried 



- 57 - 



out to gradually make the target valve opening 
characteristic correction learning value VL and the 
target valve opening characteristic correction learning 
value VR approach equal values. As a result, the 
5 deviation AXsL of the left bank BL and the deviation AXsR 

of the right bank BR are eliminated, that is, the 
variation of the valve opening characteristics between 
the left bank BL and the right bank BR is eliminated. In 
this way, in the program 600, the valve opening 

10 characteristic is changed by exactly the amount of the 

variation of valve opening characteristics among 
cylinders detected so as not to include variation of the 
fuel injection amount, therefore more precise control 
becomes possible. By that, it becomes possible to avoid 

15 any adverse influence upon the drivability of the 

automobile mounting such internal combustion engine and 
the emission in the exhaust system. 

Note that, in the program 600 shown in FIG. 21, by 
repeatedly subtracting and/or adding the small values a 

20 and p, the deviation AXsL and the deviation AXsR are 

eliminated. At step 604 and step 605, however, it is also 
possible to use the value of half of the difference 
between the deviation AXsL and the deviation AXsR 
(= (AXsL-AXsR) /2 ) as the predetermined values a and p. In 

25 this case, more than the case where the processing is 

repeatedly carried out by using the small values a and P, 
the target valve opening characteristic correction 
learning value VL and the target valve opening 
characteristic correction learning value VR are directly 

30 made equal, so it becomes possible to shorten the time 

required for eliminating the inter-bank variation. 

The first cylinder #1 to the fourth cylinder #4 
included in the internal combustion engine 1 shown in 
FIG. 1 and FIG. 2 are controlled in their valve opening 

35 characteristics by a single common valve opening 

characteristic control device 57, but sometimes an 
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internal combustion engine is provided with a plurality 
of valve opening characteristic control devices 57 
corresponding to the plurality of cylinders so that the 
valve opening characteristics for the intake valves of 
5 the cylinders can be individually controlled. In such 

internal combustion engine (not illustrated) as well, it 
is possible to perform the same control as that of the 
program 600 shown in FIG. 21. 

Below, an explanation will be given of the control 

10 in for example a four-cylinder internal combustion engine 

provided with a valve opening characteristic control 
device for each cylinder. This not illustrated internal 
combustion engine is provided with four valve opening 
characteristic control devices 57 (#1) to 57 (#4) (not 

15 illustrated) . These valve opening characteristic control 

devices 57 (#1) to 57 (#4) can control the valve opening 
characteristics of the first cylinder #1 to the fourth 
cylinder #4, respectively (all not illustrated). FIG. 22 
is a view of a flowchart of the program for the operation 

20 performed for eliminating the inter-cylinder variation in 

the case of a four-cylinder internal combustion engine 
provided with a valve opening characteristic control 
device for each cylinder. In the program 700 shown in 
FIG. 22 , the control for two cylinders among the four 

25 cylinders, i.e., the first cylinder #1 and the second 

cylinder #2, is carried out. 

At step 701 of the program 700 shown in FIG. 22, the 
deviation AXsl for the first cylinder #1 and the 
deviation AXs2 for the second cylinder #2 are acquired. 

30 These deviations AXsl and AXs2 are found from step 108 of 

the program 100 shown in FIG. 5. 

Then, at step 702, it is judged whether or not the 
deviation AXsl is larger than a predetermined value AXslO 
and whether or not the deviation AXs2 is larger than a 

35 predetermined value AXs20. Assume that the predetermined 

values AXslO and AXs20 are values previously determined 
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by experiments etc, and near zero and were previously 
stored in the ROM or RAM of the ECU 27. When the 
deviation AXsl is not larger than the predetermined value 
AXslO and the deviation AXs2 is not larger than the 
5 predetermined value AXs20, it is decided that slight 

variation of the valve opening characteristic exists, but 
to an ignorable extent, and the processing is ended. On 
the other hand, when the deviation AXsl is larger than 
the predetermined value AXslO and/or the deviation AXs2 

10 is larger than the predetermined value AXs20, the routine 

proceeds to step 703. At step 703, it is judged whether 
or not the deviation AXsl of the first cylinder #1 is 
larger than the deviation AXs2 of the second cylinder #2. 
When the deviation AXsl is larger than the deviation 

15 AXs2, the routine proceeds to step 704, while when the 

deviation AXsl is smaller than the deviation AXs2, the 
routine proceeds to step 705. 

At step 704, by subtracting a predetermined value a 
from the target valve opening characteristic correction 

20 learning value VI of the valve opening characteristic 

control device 57 (#1) for the intake valve 9 of the 
first cylinder #1, a new target valve opening 
characteristic correction learning value VI is obtained. 
Then, by adding a predetermined value (5 to the target 

25 valve opening characteristic correction learning value V2 

of the valve opening characteristic control device 57 
(#2) for the intake valve of the first cylinder #2, a new 
target valve opening characteristic correction learning 
value V2 is obtained. Assume that the predetermined 

30 values a and (3 are small values larger than zero and were 

previously stored in the ECU 27. These predetermined 
values a and P may be values equal to each other as well. 

On the other hand, when the routine proceeds to step 
705, conversely to the case of step 704, by adding the 

35 predetermined value a to the target valve opening 
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characteristic correction learning value VI of the valve 
opening characteristic control device 57 (#1) in the 
first cylinder #1, a new target valve opening 
characteristic correction learning value VI is obtained. 
5 Then, by subtracting the predetermined value p from the 

target valve opening characteristic correction learning 
value V2 of the valve opening characteristic control 
device 57 (#2) in the second cylinder #2, a new target 
valve opening characteristic correction learning value V2 
10 is obtained. 

Note that the predetermined values a and p at step 
704 and step 705 are values giving differences (Vl-oc, V2- 
P) between the target valve opening characteristic 
correction learning values VI and V2 and these 

15 predetermined values a and p of zero or more. 

Next, at step 706, the new target valve opening 
characteristic correction learning value VI obtained at 
step 704 or step 705 is added to the previously 
determined base target value V10, and the result is made 

20 the new valve opening characteristic target value for the 

valve opening characteristic control device 57 (#1) of 
the first cylinder #1. For the second cylinder #2 as 
well, in the same way as the above, the new target valve 
opening characteristic correction learning value V2 

25 obtained at step 704 or step 705 is added to the 

previously determined base target value V20, and the 
result is made the new valve opening characteristic 
target value for the valve opening characteristic control 
device 57 (#2) of the second cylinder #2. Then, the 

30 routine returns to step 701 again. By repeatedly 

performing this series of processing, the target valve 
opening characteristic correction learning value VI and 
the target valve opening characteristic correction 
learning value v2 gradually approach equal values. As a 

35 result, the deviation AXsl of the first cylinder #1 and 

the deviation AXs2 of the second cylinder #2 are 
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eliminated, that is, the variation of the valve opening 
characteristic between the first cylinder #1 and the 
second cylinder #2 is eliminated. Then, the same 
processing as that of the program 700 is carried out for 
5 the deviation AXsl of the first cylinder #1 and the 

deviation AXs3 of the third cylinder. Then, the same 
processing as that of the program 700 is carried out also 
for the deviation AXsl of the first cylinder #1 and the 
deviation AXs4 of the fourth cylinder #4. By this, the 

10 variation of valve opening characteristics among all 

cylinders of the internal combustion engine can be 
eliminated. In this way, in the program 700, the valve 
opening characteristic is changed by exactly the amount 
of the variation of the valve opening characteristic 

15 among cylinders detected so as not to include the 

variation of the fuel injection amount, therefore more 
precise control becomes possible. By that, it becomes 
possible to avoid any adverse influence upon the 
drivability of the automobile mounting such an internal 

20 combustion engine and the emission in the exhaust system. 

Further, naturally, at step 704 and step 705, as the 
predetermined values a and P, it is also possible to use 
a value of half of the difference between the deviation 
AXsl and the deviation AXs2 (= ( AXsl-AXs2 ) /2 ) . 

25 Note that, in the present invention, the detailed 

explanation was given based on the specific embodiments, 
but a person skilled in the art can make various changes 
and corrections without deviation from the scope and 
concept of the present invention. Further, appropriate 

30 combinations of several of embodiments mentioned above 

are included in the scope of the present invention. 



